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This report presents the present (January, 1960) 
status of certain aspects of the radioactive pollution 
problems associated with uranium milling. Specifically, 
the physical and chemical behavior of radium and thorium 
in  mill systems, the treatment of plant wastes, and the 
analytical chemistry of radium, are  considered. The current 
research program of the Winchester Laboratory is  also presented. 

The acid leaching process dissolves about 55 of the 
radium and 50% of the thorium from uranium ores, the r e s t  
remaining in  the tail ings.  
the radium but pract ical ly  110 thmium goes in to  solution. 

~n alkaline leaching, 2 t o  3$ af 

In untreated effluents from acid leach mills, the 
concentration of radium-226 will be substantially higher than 
the permissible levels f o r  discharge, and the concentration 
of thorium-230 may also be significantly high. Proper t rea t -  
m e n t  of the wastes, including neutralization and bar i te  t reat-  
ment, reduce the concentrations of these isotopes to acceptable 
levels. Effluents fram alkalur * e leach processes, w h i c h  con- 
tain some radium but no appreciable thorium, may be treated 
w i t h  copperas, followed by bar i te  if  required. 

The analysis of effluents and similar systems is 
complicated by the presence of the thorium members of the 
decay series. 
radium fraction f r ee  of thorium, ingrowth of radium from a 
thorium parent i n  the period between sampling and analysis 
cannot be ignored.. Because of the half-lives involved, the 
ingrowth of radium-223 from thorim-227 i s  par t icular ly  im- 
portant. 

Although chemical separation steps give a 

The present Winchester Laboratory program is devoted 
principally t o  the basic chemistry of radium and thorium, 
their behavior i n  plant wastes, and improvement of analytical  
techniques fo r  these elements. 
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This Winchester Report is a summary of the salient points 
as they are now evident i n  the work on development of treatment 
methods and analytical techniques for  reduchg and assay5ng the 
radiological contamination of effluezts fram the clrani-un milling 
industry. From t h i s  standpoint, portions of s report may be 

There is included i n  t h i s  sumrrary an eppopz5ate rsview 

considered a logical sequel t o  repcrts WIN-TOlL 9 and W I N - 1 1 ~ .  

of previous work on radium removal f r m  the mL11 effluents for the 
purpose of clarifying the role  of radium-223 e?d radilm-224, which, 
while possibly present ir? the effliients, a r e  nct idesltified with 
the low permissible levels fo r  radim-226 specified i n  pertinent 
regulations. 

The review finds that t h e  general recommendatiors for  
treating acid and alka-in 7 e m i l l  e3Ziuents A t  b i n g  tkem within 
the permissible levels f o r  radsimz-226 Bs accmplish that. 
Considerable insight into the reesoris :'or +he 2ppare~tly contra- 
dictory data obtained by c e r s n  f ie ld  *es+,3 cf ba-ite t reatmat  
for  radium removal has bean secured. 
tion f o r  compliance with the radiologtce.2. hazazds regulstiom as 
these pertain to the uranium m i 7 1  ef'i'.'lizen';s ,has &so been bet"uer 
defined . 

The analytacei con-ttol qces- 

It is becoming increasingly eeeeslt +hat there is cocsider- 

For 
able need to develop basic knowledge of. the behavior of radium and 
thorium i n  the a c t u l  systens .e?dled by the milling iadustzzy. 
exampre, i t  has been foimd that -&e px:ectim of knowledge of the 
behavior of ideal solutio,? system has Cef2Lte l i i t a t i o z s  which 
would be expected consider-hg +he mn-i8ealLty of m i l l  effluents 
with their  high salt concentratiors, k c i p l e a t  pz2ei~i ta t icn,  
possibly colloidal dispersionst arid ac t d a l  soiids cm~Aw.t,. 
progress i n  developing c a p l e t s  radiological hecar& con",rol 
methods, supplementing %??e accoiqlishe3ts t o  date In  trea+Lag 
the liquid effluents , as weil as ~II devslophg rrld improv2ng 
analy t ica l  methods f m  the radiologicelLy hzeardorrs ma%erials, 
appears t o  requize a balmced development progrm wi+h edequate 
studies to obtain basic knowledge of the behavior of radium and 
thorium. 

R e a  

1/ WIN-101, I'Interim Report on Investigations Into the 
Problem of Radioactive Pollution of U r a n i u m  M i l l  Effluentstt. 

2/ W I N - l l l ,  %econd Intsrim Report on Investigatfons II?';~ 
the Problem of Radio-active Pollution of U r i a n i u m  M11 
Effluents !I. 
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A considerable portion of recent developments from t he  
Winchester Laboratory is recognized to be of broad interest 
within the Atomic Energy C d s s i o n  and associated groups. In 
order that general use can be made of these developments, some 
modificatiom of the style of previous Winchester reports have 
been adopted. 
of special interest to the Division of Biology and Medicine of 
the Atomic Energy Commissian. 

In addition, the report also covers work projects 

, '. 
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Section I of this report reviews the behavior of radium and 
thorium i n  uranium milling processes and emphasizes how t h i s  behavior 
affects the concentration of these biologically hazardous materials 
in waste l iquid effluents and solid tailings. The relative contribu- 
tions of the isotopes of radium--radium-223, radium0224 and radium426 
are shown t o  be dependent not only upon m i l l  chemistry but upon the 
elapsed time between such chemical treatment and the f i z  ~sdlum 
anaysis . 

It is re-emphasized that 19. clear, untreated l i q u i d  effluents 
from acid leach systems the cancentration of thorium-230 w i l l  be quite 
significant and the concentration of its daughter radium0226 w i l l  be, 
i n  order of magnitude, a thousand times the permissible l e v e l  as 
established by P a r t  20 of the Code of Federal Regulations. T3?e proce- 
dure recommended as effective for  reducing radium-226 to  permissible 
concentrations is  neutralization and barite treatment. For acid c h -  
cui t  effluents, neu-kalization to a pH of 8 will effectively remove 
thorium-230 from solution and reduce radium-226 substantially. A 
subsequent multi-stage countercurrent treatment, deep-bed percola- 
tion or column treatment of the neutralized solution employing ap- 
proximately 0.3 grams of barite per l i ter  of effluent remove8 9% 
of the remining radium-226. These two Steps, neu-Uzation and 
barite treatment, w i l l  thereby remove thorium-230 and radium-226 
from acid leach plant l i qu id  effluents maJdng these effluents comply 
with the prevailLng and proposed regulations fo r  these isotopes. 
Thus, essentially lOO$ of the radium ard thorium values wocd be 
associated w i t h  the t a i l i n g s  solids. 

- In the case of alka-in 7 e circzlits, the addition of copperas 
proved to be effective i n  removing approxfmately 8% of the radium 
from urmeutraliaed effluents. 
copperas treatment (each stage employing 0.1 gram copperas per liter) 
with adequate sett l ing between stages. Further radium removal, i f  
required, may be achieved by a barite treatment step. 

active equilibrium i n  the ore by the chemical leaching process em- 
ployed in the m i l l  and stresses the significance of the growth md 
decay of soluble radium and thorium. 
radium-223 and radium0226 (and radium-224 if there is any natural 
thorium present in the ore) is shown to affect a n w c d  results. 
The alpha activity of a radium s a q l e  originating from ores with no 
natural thorium must be measured twice in  present ana ly t i ca l  practice 
w i t h  an interval of a week between countings t o  permit corrections 
to be applied for  radium-223 act ivi ty  to obtain the true radium-226 

This was accomplished by a two-stage 

Section I1 describes the consequences of upsetting the radio- 

The relative quantity of 



. #  , ... 

content. 
under certain circumstances, actually exceed the radium-226 (in 
terms of its alpha activity) by factors up to 20. 

Radium-223 may be present in substantial amount and may, 

-Section I11 briefly outlines the Winchester Laboratory 
These projects are in- projects which are currently under way. 

tended to provide needed information on: 

a. The basic chemical behavior of radium and thorium, 
b. A n  improved process for radium and thorium removal 

and confinement, 
co The behavior and fate of radium and thorium in the 

processing mills, particdarly t h e  tailings piles, 
and their immediate environs, 
Analytical tecbmiques of improved precision, 

equilibrium sisting in fine uranium-bearing dusts. 

d. 
e. The detemination of the  extent of radioactive 

The Appendix, contains supporting information which may 
be of interest to technical groups. 
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In t h e  U-238 sezies there  0ceu-s an isosope of tholrium 
(Th-230) , whose hp?f-Ue i s  abut  83,009 p s s .  
the parent of radium-226, crlso rs%kr ?-mg-Live5, wi+h 8 half-life 
of 1,622 years. 
isotopes: fa unrestricted areas has been Cefined by the ASC in Title 
IO, 'Part 20 of the Feeezel Regist=, VoLiie 22, No. 19. The value 
l f e t e d  for radium-226 is 4 x 10-9 mlczacvu=ics per ml. 
Umit is  presently set fc- *Aaa1m-230, the Fro2osed revision to 
Part  20 includes a value of 5 x 10-8 microczcies per IRI.. 

Tborlum-230 i s  

The xzu~brm o e s s i b l e  ccncenkatim of various 

Vrlzile no 

It is 4arpcsrtact +A recognize *&t tihe chullical processes 
employed in the mills do not dissolve 01" isscf- ~~sliium, thorium, 
and radium from tbe ore to +he semz 2egzee. 
fore, upset the radioactive e@librium 0righG.y exis+,- in the 
aged ore deposits by separating parents fram daughters. 

'&sese processes, there- 

Of the four basic processes used in the milling industry, 
tbree are initiated with a sulfuris acid leach: 
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1. Acid leach - countercurrent decantation - ion exchange 
2. Acid leach - countercurrent decantation - solvent extraction 
3. Acid leach - resin-in-pulp ion exchange. 

Only a small p a r t  of the radium (3 t o  5 per cent) i s  solubilized 
* 

i n  the acid leach system. 
associated w i t h  the solid t a i l i n g s .  

radium-,sulfate is considered to be quite an insoluble compound*, i t s  
solubili ty i s  quite significant w i t h  respect t o  the permissible con- 
centrations for radiological safety. For example, i n  water, radium 
sulfate i s  soluble to the extent of only 0.0020 gram per l i ter ,  but 
t h i s  concentration of radium is  eg iva len t  t o  1.4 microcuries per ml 
which is greatly in excess of the desired limit, 4 x 10-9 microcuries . 
per ml. In acid t a i l i n g s  solutions the s u a t e  ion concentration is 
often 30 grams per l i t e r .  
b i l i t y  is about 2.6 x 10-5 microcuries per m l  which is approximately 
6,500 times the permissible concentrations. Actual tailings samples 
show this same order of magnitude of radium activity. 

Most of the remainkg 95 to 97 per cent is 

1. w: It is important to recognize that  even though 

A t  t h i s  sulfate concentration radium solu- 

The acid leaching step provides a solution containing approxi- 
mately three to  f ive per cent of the to t a l  radium w i t h  radium-226 and 
radium-223 in their  original equilibrium ra t io  of approximately 22.2. 
However, t h i s  acidic solution has also dissolved approximately 50 per 
cent of the thorium parents of these two radium isotopes. Due t o  its 
long half-life, the growth of the radium-226 daughter from its thorium 
parent is very small although the amouot of radium-226 activity which 
has grown in during a monthIs time may be detectable i n  a low level 
radium analysis. 
far more rapidly, particularly in the first ten days, and the alpha 
activity attributable ta radium0223 reaches its maximum value i n  
approximately 2l days. 

The radium-223, however, grows in from thorium-227 

It is  recognized that the t ine necessary for  the acid leach 
solution to travel through the remainder of the m i l l  circui t  is quite 
short and #at a discussion of the growth of radioactive daughters 
over a period of two or three weeks may a t  first appear academic. It  
must be stressed, however, that  the thorium parents contained in a 
sample taken from the process stream for  analysis continue to grow 
these daughter radium act ivi t ies  un t i l  such time as the analysis i s  
actually performed. 

* The solubility product f o r  radium sulfate i s  4 x 10-u. 
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The growth and decay curves for radium-226 and radium-223 

The values in Figure 2 apply to a solution obtained by 

I t  is 

under conditions typical of acid leaching practice are shown i n  
Figure 2. 
treating 250 graw of a 0.255 U308 ore (assumed t o  be i n  radio- 
active equilibrium) with me l i t e r  of acid leach solution. 
further assumed that 5 per cent of the equi i ibr im radium and 50 
per cent of the equilibrium thorium goes i n to  solution a t  t h i s  
point. 
22.2 for  radium-226 to radium-223 is rather quickly altered by 
the rapid radium-223 growth from its Th-227 parent. 
is seen t o  approach f ive  when the radium-223 has reached its rnaximm 
value. Thus, i f  a radium analysis were performed 3 weeks after the 
acid leach step, the alpha ac t iv i ty  of the chemically pure radium 
sample would be found t o  be about 15% greater than anticipated from 
radium-226 alone. 

It may be seen from the curves that the s ta r t ing  r a t i o  of 

This r a t i o  

In the acid mill circui ts ,  radium does not behave chemically 
l i ke  uranium which is selectively recovered i n  ion exchange res in  
or  organic solvent. In  view of t h i s ,  it is  found that  the uranium 
concentrate or tlyellow cakett obtained i n  these processes contains 
only about 2 t o  4% of the soluble radium which corresponds to some 
0.1 to 0.2$ of the total radium available in the ore. The remainder 
of the soluble radium is  observed to leave the plant in the effluent 
or  raffinate tail ings.  
these ta i l ings solutions indicate tha t  the radium-226 assays range 
from 700 t o  7,000 times the maximum permissible concentration (MPC) 
and those assays do not differ substantially from those of the solu- 
tions leaving the t a i l i n g  ponds. 

As shown in Figure 3, actual analysis of 

- The majority of the radium is associated with the tailings 
solids and certain interesting characterist ics of t h i s  radium i n  
the tail ings system have already been identified. The solid ore 
ta i l ings from which radium was par t ia l ly  solubilized with sulfur ic  
acid continue to  yield significant quantities of soluble radium 
upon water leaching 

A t  the Winchester Laboratory d i s t i l l ed  water has been passed 
through a column of Utex ore ta i l ings fo r  a period of 10 months and 
the radium is continually going in to  solution to yield a concentra- 
t ion of radium-226 approximately one hundred times the P a r t  20 l i m i t .  
The radium concentration achieved does not approach the natural  solu- 
b i l i t y  l i m i t  oflradium sulfate  and is undoubtedly determined by the 
ra te  of water penetration in to  and diffusion out of solid ta i l ings 
particles.  Solid ta i l ings should, therefore, be regarded as a reser- 
voir of radium from which soluble radium may be slowly dissolved 
s imply  by water leaching. 
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FIGURE 2 Radium 22e and Radium 223 - Concentration vs Time After Acid Leaching. Acid 
Leach Solution Resulting From Treatment of 250 gms Ore Containing 0.25% UJOe with One 
Liter Sulfuric Acid. 5% of the Radium is in Solution Plus 50% of the Total Thorium. 
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In one acid circuit where tailings were neutralized to pH 6.8 the radium concentration was only 30 
times MPC. 

FIGURE 3 Radium and Thorium Balance in Acid M i l l  Circuits 
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2. Dorim: The thorium balance through two acid mill c i r -  
cuits is summarized in  Figare 3 and reveals that, as i n  t.ie case of 
radium, the majority of the soluble thorium is not taken iip by ion 
exchange or extracted into solvent but reports i n  +,he taili,?gs solu- 
tion. It was noted thzt the am0w.t of thorium appearing i n  the 
uranium yelpow cake varied from 1% of $he to ta l  thmium i n  the uranium 
ore feed to the ion exchange m i l l  to about 54 for  the feed t o  %he 
solvent m i l l .  Apparently &he d i (  2-ethhy3exyl) phosphoric acid extracts 
more thorium than does the mion exchaage resin. 
tailings solution averagsd from 1900 to 4500 times the Troposed MPC 
for  thorium-230 of 5 x 10-8 microccries per m l  of solution. 

The sligh*Ly acidic 

Having recognized the problems encountered in the acid mill 
circuits,  it is important to review the conbasting behavior of 
radium and thorium in alkaline systms. 

1. mdiurq: In  the alkaline leach step, 2 ta 3 per cent of 
the total radium is  solubilized but essentiallynone of the thorium 
parents of the radium iso+apes aze solubilized. 
equilibrium ra t io  of ~a-226 +& Ra-223 of 22.2 never deczeases due 
to subsequent Ra-223 grcwtkh bat rather increases as the short-lived 
Ra-223 present in solutior? decays with its  c,laractezistiz 7 t , 2  day 
half-life. 

?herefo=.e, the 

Soluble radium behaves chemically much like urarliun in an 
alkaline environment and follows uranium to appear eventually i n  
the yellow cake product. The Uquid effluent from the precipitation 
step contehs only about O.L$ of the t o t a l  radium. 
is schematically summarized i n  Figure 4. 
t a i l h g s  pond soluticrs ranges fran 25 %o 300 "times the MPC of 
4 x 10-9 microcuries per de 

This bekavior 
The radium in allcaline 

2. morium: The behav5oz of thorium Fn an al?-t7.ne sys+,em 
is quite slzilcing since thorium hydroxide is so ex-tnemely imoluble, 
Thorium concentration a t  pH's of 7 or 8 and above is  negligible. 
(Thus, the neutralization of an acid effluent t o  a pH of 8 w i l l  
effectively bring the Th-230 cancentz-atian to  w i t l h  perrmissi5le 
limits. ) 

The neutralization of radium bearing acid tail ings may be 
elcpected t o  decrease the radium content by roughly one tenth which 
Is not sufficient, of course, t o  reduce it to  the acceptable P a r t  20 '  
l i m i t  of 4 x 10-9 microcuries per m.~. 
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The factor by which n e ~ + k a 2 z ~ Z m  of aikalins +,ailings to  
a pH of 8 w i l l  decrease the rad im mr-tex is soEewhat d i f f icu l t  t o  
predict because of the pea+, LzCl'Jence of s o x d s  whhh may be present 
or which may precipitate u?on r,st--glizatlon. 
radium to  be adsorbed onto solid emfaces cr on p-ecipitstes existing 
i n  solution is  well know- sne prs;b3zq ZOC-,~.UYLS for +,he errat ic  be- 
havior it often exhibits i n  ~ i i ~ k  sol:Ltlms. 
radium content @or, mE5zaliza%oz of r7kai.h-e systems and acid systems 
is not always consistent. 

The ten2ency of ttsolublett 

Hence, the reduction of 

Following neutxLizatim, s e l t i 9 , ~  is  recomendec2 since 

In this connectlo,?, it ir; Lz,texs+dng t o  2ste that  the minus 
suspended slimes or otihey solids c3nt3.5:: su?xtm*L& mounts of 
radium. 
400 mesh fraction of leached *.~CCY~UTI: cze "&i'i?:s has besn faund t o  
contain more than 7 timea the amom'; OC radlm ye=. g x n  found i n  the 
plus 200 mesh fraction. It was rLoted k the Mmtlcelio mill system 
that the radium conten3 per p w  of slimes was more thm 10 times the 
radium content pew gram of sands. 
(assumiPg no concen-katior, of r a d 2 J m  i n  any Icesh fractions) suspended 
in effluent liquor to  4he cxtcx!!  of 0.1 ger cent Sy weight represent 
a potentially available radium a s t i d t y  or1 .the or&r of 200 times 
the permissible concen3at ia  fa -  rediim. 
slimes or solids by various stm.i!src egertts scch as cspperas is dis- 
cussed i n  WIN-101. 

Fn+he-mt*e, ta i l i r igs solids 

E e  flocc1alation of such 

Much work bas absady bzcn resoxed o ~ .  %?he subsequent 
treatnmt of this neutzzlixed (pH 8) efi'ia3,rit ovlr+h barite to remove 
the bulk of the remai~ing ra ' 
t o  within acceptable limits$mWhile sane waly+,ical prablems have 
been encountered (dLscussed in LectLm 11) 3-2 ne j o r  cm-clusions 
reported on radium ranoval vL.8 nci%rallzatbor, a d  b r r i t e  keatment 
remain unchanged. 
by t h i s  barite treatme2t. 

, +,e~,ncby ?xi.,@! i%s concentration 

Born 96 &to 99$ c.f 3.d so3.1M.t? raCimn may be removed 

Neutralization pH 8 is pir%Lc-~3=Lr i sqo r t aa t  fo r  the 
successful removal of rzdiuni. 
acidic liquors and s : U i ! i c  acid -1cyed w i + h  a lka lbe  liquors. As 
mentioned previously, settling,'flocsulation or f i l k a t i o n  af-r 
neutralization i s  importat  since traces of susperded sol ids  have an 
enormous effect upon tne radian re?noirsJ. fac%ur. 

Line shcuX be c t l l l e e d  fcr neutralizing 

3/ WIN-113, ttRadiurn Balance ~II the Monticello Acid R. I .P. 
U r a n i u m  M U t t .  
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The efficiency of the barite trea-ent step is influenced 
by the type of contact employed. 
&in& by countercurrent contact which may be .acco@ished by per- 
mitting the neutralized effluent to flow by gravity through a column 
of barite. This procedure permits the use of about 0.3 gram of 
barite per liter of clarified effluent. Ba"&h comtercurrent con- 
tact  in agi ta ted tanks or percolation through a shellow bed of 
barite will require aproximately 0.5 to 1.0 @arc of barite per 
liter while single batch treatment of the effluent may require up 
t o  5 grams of barite per liter t o  insure adequate ra?ium r e m o v a ~  

The greatest efficiency is ob- 

The results ob- are influence6 by the p 2 t i c l e  size 
of the barite and by the effectiveness of the l iquid cmtact w i t h  
the barite. The mechanism for the removal cf raciium is  basically 
one of chemical exchange between the radium end bkwium ions on the 
solid and is thus deperden5 not onLy ~ q o n  the surface area but upon 
the duration and charac-k of physical con*tact as well. A two- 
stage countercurrent system w i t h  a contact time of from one to  two 
hours was found to remove 95 per cent or more of the radium from 
an aUcaJAte effluent which had been nedtralized ta a pH of 8.5. 

Ab noted earlier the rate of r a d i u m  remoml from solution 
is dependent not only wan the mesh size of the larite epployed 
but is quite dependent ma the + h e  m e r  of contact with the 
solid. -Figure 3 reveals- the rather rapid rmoval  of radium by 
-325/&0 mesh barite. It mag be noted th6t 3he firs% f ive minutes 
of contact achieved approldmately 
from 1500 to 15,000 dpm of rei= per liter. 

zemo~al from solutions ranging 
' 

It w i l l  be noted that -65/+100 mesh barite is substan- 
ti& slower in its rate of ~adlim: uptake, 
size was? however, found *to be physkxXy s q e r f e  for coiumn or 
deep-bed percolation tspe trestment cf radium &fluen'&. In scch 
cases, the reduced rate  of radium removal must be taker? intc account 
when flow rates 'end bed depths are es'ablished. 

In a barite column test w i t h  "ver grams of -65/+200 mesh 
material, a flow rate of 2 ml pe- niinute ca=-espooded to contact 
with 1 gram of barite per minute for 10 minutes to t a l  residence 
time. &om Figure 5 a one minute residence time would be expected 
to remove approximately 2 6  of the radium. the s i n p U y b g  
asmqption that 10 such stages (each achieving a one minute contact 
with one gram) existed in t h i s  test colum, the barite should remcrve 
approximatk& 9O$ of the total r d i u m .  

  his coazser mesh 

* Satisfactmy l i q d d  flow through cohuns cauld not be 
realized with -325/+400 mesh beri+&. 
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The t e s t  under "Aese ccnditions v e r i f h l  t h i s  ramral 

A ."law 
efficiency. 
of a deep-bed percoia+,ion $esS a t  tihe Manticello M i l l .  
r a te  of 100 ml per &ate p e d f t e d  e residence t i n e  of between 
four and f ive minutes in  a cch.xm containir!! eppximately lo00 
grams of -65/+100 mesh barite. "he ave=age ,-adPam decoctamina- 
tion achieved was 98.54&. 

In the Apperdlix, Section D will be fo-and the results 

Figwe 6 dqic",s +he xdi im ,-movel effiefemy tiha+, may 
be expected for  -325/+400 mesh barlte erql3yecl in batah treatnent 
eteps which allow approxhataly one hour t o  achieve adequate mixing 
ard physical contact. 
radium removal is e s s e n t i a y  constant over an extremely bead 
range of radium conca tza t im g=arr of b a i t e  k~ Lhs zsrka l ieed  
and clarified effluent sol-itio=?~. It sbul& be r i b d  that the 
ordinates are express& is terms of ini+Aal radium comen-kation 
per P T Q ~  of b- us&. Thus, given adequate ccatact time the 
final radium concentra+do=: i n  t h e  treated solrrtior. is dqmdent  
upon the amount of berite mployed p w  li- of effken+,. 
certainties o r  erro=s indicated a t  low radium cor,centra*dom may 
be due t o  analytical variatiom as we= as sl ight  difzezances 

The curve ravees  ',hat "he efficiency of 

Un- 

in ~ e r i m e n t a l  conditions. 

As noted in Eg.m 6, a~proxina+,ely 9c146 ramrd is achieved 
from acid mill effhtm%s a d  95$ ranoval 13 w a y  zs~Lizeci fzm 

contains 10,000 dgm of rsdl.xm gei- L i e  ad we chose to 'kceat *&e 
solution with one gram cd bc-itz per '!t*a=, we w c . U  fF.zd 'he antisi-  
pated radium conten3 of +he final treated so2~'don as follows: 

. W e  mill effkm+,s. Fcr e x q l e ,  !.' sn ecid c i m z t t  c?ffLuent 

10,000 dgm Ra b e d  t e  

2. Locate the intersec5ion of the sox0 bleck (acid c i r c i t )  
curve w i t h  t h i s  crdinzte vake. 

3. Read the fin& radium cont-3 of +de s o k t i o n  frm +he 
upper abscissa; approxhately 1250 apm of radium pez l i ter .  

If this same starting solation were treated wiLh 10 g~ams of bar i te  
per liter, the ordinate value would be 10,000 dpm of radium pe- 
l i t e r  divided by10 gram of barite equals 1,000 dpn radium per gram 
of barite. The intersec%ion of lower dotted (acid circui t )  curve 
With this ordinate value corresponds t o  a radium concentratior, shown 
on the lower abscissa of about 120 dpm per liter. 



DWG. 252 - 5 9  
FINAL dpm OF RADIUM PER LITER OF SOLUTION 

... 

. .- 

t 
REMOVAL FROM NEUTRALIZED, CLARIFIED EFFLUENTS 
BY BATCH CONTACT FOR -60 MINUTES WITH -325/+400 
MESH BARITE 

FIGURE 6 Radium Removal by Barite - as a Function of Radium Concentration per Gram of Barite 
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It is  quite'noteworthy +At the pH of acid mill effluents 
prior t o  bar i te  treatment varied from 4 t o  7 whereas the pH of m a -  
l i n e  c i r cu i t  effluents ranged from 8 t o  9. 
other characterist ic but l e s s  well defined differences between alka- 
l i n e  and acid c i rcu i t  effluents which lead to the difference in effi-  
ciency of radium r-moval that i s  evident from Figure 6. 
passing in te res t  t o  note tha t  increasing the s U a t e  ion concentra- 
t ion of alkaline' effluents by a factor  of 5 ( a t  c o n s + a t  pH) increased 
the radium removal by several per cent. 

Undoubtedly there are  

It is of 

F* COPPERAS AM) BARITE FOR TFEATMENT 0- B ALKATlfm EF'FLUI$E 

Copperas (FeS0k07H20) was f i r s t  considered as a flocculating 
agent f o r  slimes existing i n  alkaline +,ailings or remaining after 
neutralization. Experimental. wark was reported in WIN-111. The addi- 
tion of 0.1 gram of copperas per l i t e r  followed by a se t t l i ng  stage 
was found t o  be quite effective and led +a the removal of approximate- 
l y  TO$ of the radium. 
a t  a pH of 0.5 as a t  a pH of 8. 

Tests a t  the Monticello Mill (see Appendix, Section E )  
involved a two-stage batch treatment c i r cu i t  and included a se t t l i ng  
stage between treatment stages., I n i t i a l  work i d i c a t e d  t h a t  neutrali- . 
zation of the alkaline ta i l ings  with sulfur ic  acid followed by a 
single stage of bar i te  treatment a t  m e  grm per l i t e r  removed 955 
of the radium. However, when +he aikaline ta i l ings were treated w i t h  
0.1 gram per liter of copperas and subjected to two se t t l i ng  stages, 
89$ of the radium was removed. A bari te  second stage treatment a t  . 
1 gram per l i t e r  removed 75% of the remaining radium t o  give an over- 
a l l  decontamination of 975. 

Its effectiveness was observed t o  be the same 

When copperas was ut i l ized w i t h  alkaline ta i l ings  and 
permitted only a single se t f l ing  stage a somewhat reduced amount 
of radium (78%) w a s  removed. A second stage of copperas treatment 
(also a t  0.1 gram per l i t e r )  was then employed t o  achieve an over- 
all decontamination of 895. 

The approximate sell ing pricEs f o r  scqpsras and bar i te  are  
Hence the reagent cost fo r  a two- $62 and $50 per ton respectively. 

stage treatment of alkaline ta i l ings with copperas followed by a 
bar i te  treatment would appear t o  be significantly l e s s  than the 
alternative neutralization followed by ' b a z i t e  treatment a t  1 gram 
per l i t e r  . 
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It should be stressed agein that the coimtercment 
percolation of neutzalized effluents through a bed cr column 
of barite is the most efficient fmm 3 s  s W 2 o i n t  of bazite 
uti l ization for radium rano-aal. mioying t h i s  type cf co,?tsct 
the requirements fo= +65/-100 nesh barite -Et t o  0,3 mar0 
per l i t e r  t o  acbieve a 9805% average decontminatioq of radian, 
Unquestionably t h i s  I s  +de niost eeslraSle t=ea'aen+, pr=lcz&Ee 
for acid mill ef fhm+,s  of ",?e techzdqdes stadied t o  Cate. The 
estimated chemicals cost for  + a s  tzea+aent woiL& be rougbCLy 5 
to 10 cents per ton of clear tailiris pond efi'l'cext fo:: the 
neutralization and 1.5 cents p w  tax f ~ r  b ~ i t a  bei%+aec$, giving 
a total of 60 5 to xo 5 c a t s  per tor, of the e f f k a + , .  

' 

For alkaline circci ts  a two-a%,age copperm tras'asnt 
employing 0.1 graa ~ c r  liter pz stage wofid =move & t o  gC$ 
of the radium and would be c-ected ta ccst about ozie cent per 
ton of solution, 
be adequate for radium ranoval to ec2?ieve P a r t  20 levels, t h i s  
treatment could logically be foEowe6 by 8 bazite Sed percola- 
tion stage which should cost app~cxbate ly  one cardt pe- ton of 
solution foz- barite consxmptfor,, g i r k ?  a t o t a l  reagent cost 
of two cents per ton cf -lice eff>:erLo 

Sb-ce t h i s  ~111, most likely, D.ot pzove t o  

In the precdiag Disctlsxhi of *e&itents desip-ed to 
remove or llscavengelf radium T T ~  solctioiip +de fern IWt'luentslt > 
was intended t o  include bok9 process stream and tailings pa- 
run-off liquors. 
essentially 1005 of tb.e r a d i u m  ar-d tkorium Wdea ( the? leach 
tailings solids plus bari%e or cqgeras ';res+aat, zesieues) any 
run-off liquors from =e t a i X r ? g s  pile  WAX excee2 , P a r t  20 M+& 
(see Figure 3) .  
t ra tes  or o'demise caries 53 con+ac+, wit? t a i L i n & s  pi le  solids 
Will contain substantial amocn%s of rapan arid -t,hozium since these 
solid tai l ings represent 9 =.eseruofr of sol-iible zadioscXvity. 
As indicated earlie=., tihe hp_&dng of zadiurn f"wn s ~ c h  ' d l h g s  
appears to be diffusion conkoltcd. 

Since the .L&':gs 2ile is &&e resi6eace oi' 

hry r.rrfn water or ether noun& water *hat pene- 

In view of this 3 z g e  reservoir of radium and thorium 
the canstzuction and long tern cmtzol of +&lings piles deserves 
particular attention. Since convectional tailhgs p i le  construc- 
tion may have shortconings f r a  the s-landpoint of long term control 
and protection from n a t c a l  forces (io@. , wind, rain and floods), 
the milling industry may f h i  it advantageas to evaluate improved 
design and construction of %=ilings piles. 
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Achieving a +tru.Ly 'reprayen+&tivi smiple- of any process 
stream or effluent is recogzdaed to be a sfgnifiazrt problem and 
the effluents from the m j o r i t y  or" t he  u_nz.!.!-m ~ U i r g  operatione 
are no exception. 
techniques and the m c r d c s  02 sw);?g e.tfLae~ts is not con- 
sidered t o  be appropiate far tihi3 rev(,zw. 

Howsver, a 0isc:cssian of $ ~ y ~ i c a l  sampling 

A s s a g  the% a represaitstLv5 sar~Pe a," a m i l l  effluent 
has been obtained for arialysis, ft is @te XksQ that  it w i l l  be 
found t o  contain sans solid natezial. 
small amount of suspended so'i'&s or,  .a+, +Le &he= extreme, a gross 
amount of solids which se t t les  G z t  a c e  the s-le has been taken. 
Radium, leached out ol" finely dit%& s~?"d3 i n  which it may reside, 
exhibits a strong tendency to t a  &sorb& on soli2 surfaces and to 
form hydrolytic precipi5aztes. Izl v5ew cf S U S ~  behavior, the radium 
associated with such soli& a y  ba of ZE. grsa+,cs magnitude than 
that of the rmrrounding so2dtioD. 

P j s  may be present as a 
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Figure 2 ref lects  +he zharGirg r a t l o  of ~a-226 to  Ra-223 
i n  acidic leach l i q u 3 - n ~  as  the Rs-223 grows i n  from its  Th-227 
parent. Eventually both parent a ~ d  da-enter decay away and the 
~a-226/~a-223 r a t io  aga i -  inc,-es.s.E;s 

. .- 

All radiuii I so tqes  beh5ve 2 3  2;21 i e m t i c a l  manner 
chemically. 
sample. Ln the past, it has beezA cmwAy assumed that all the 
alpha activitymeasurcd in  a chemicaLy se?=ated radium sample 
could be attzibuteci "uc Ea-226 s h c e  the  scpilibrium r a t i o  of 
radium0226 t o  radium-223 ac t iv i ty  i s  33.2 to 1 i n  the ore and since 
Ra-223 has a h a  l i f e  c;f only L 0 2  dq-s.  
is about 10 times more sahble t k a n  rdim in the acid leach solu- 
tion upsets this equilibr5um race md leads t o  the interesting 
time-dependent s i tuat ioz sham i _ n ,  N g w e  2. The distortion of the 
relat ive abundances of +thc?im-22? and %hcrium-230 and radium423 
and radium-226 isotcpes w s s  f i T s t  d i rect ly  observed in alpha pulse 
height analysis da+a a t  t h e  AEC's Eeal-h end Ssfety Laboratory a t  
Idaho Falls*.  

Both ~511 aspear Fr. *e %sei analytical counting 

The f ac t  tha t  thorium 

* Pr iva te  communication from D r .  Claude W. S i l l  
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the radium, Ra-223 would a t te r  three weeks *&e exceed ~a-226 
by a factor of 20. 
Under these circumstances, a chemtcal radium analysis performed 
on a sample several weeks old wsuld be grossly i n  error, if all 
the alpha activity VIEX attributed t o  Ra-226. 
ti-, Ra-226 would only cont,ri?xte scme 5$ of the to t a l  radium 
activity. The remaining 953 w o a d  be due t o  Ra-223. 

This s i t u a t i a  i s  depicted i n  Figure 7. 

Under these condi- 

Samples taken from aUali2le circuits o r  adequately 
neutralized effluent streams from acid leach circuits w i l l  
not be subJect t o  any e r ro r  from Fs-223 or  Ra-224 (frgm natural 
thorium) since the thorium parents of zadium are very insoluble 
under such conditions. 
before any barite treatment t o  achievs effective removal of 
radium. 

Further, neutralization is essential 

,Analytical techniques based upan the chemical separa- 
tion of radium followed by a l p b  counting are quite appropriate 
and are known t o  be satisfactory i f  steps are taken to apply a 
correction for  any Ra-223 pres.ent. This correction is achieved 
by alpha counting the sample a second time a designated interval 
after the first count t o  permit f u r t h e r  growth of the Ba-226 
daughters and decay of Ra-223 and its daughters. 
nature of the correction is to  subtract any Ra-223 present, the 
initial alpha count represests a maximum possible ~a-226 level. 

Since the 

Figure 8 depicts the relative growth and decay of 
these separated isotopes and their  daughters, assuming the 
ini t ia l  activity to  be equal f o r  purposes of comparison. Three 
hours af ter  the f ina l  radium separati.cn the alpha activity w i l l  
include a l l  of the radium isotopes present and their  respective 
daughters which have grown in  during this period. 
Appendix J). 

(Refer t o  

If in practice "he activity of the radium sample wa8 
measured three hours and subsequently one week af ter  the final 
radium separation of the analysis, the Pa-226 value could be ob- 
tained from the fcllowing equation:* 

Ra-226 (d/m) = Activitv a t  one week - 0.66 (Act i v i t y  a t  7 hours) 
2.46 

+E See Appendix K for derivation of this equation 
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FIGURE 7 Radium 22e and Radium 223 Concentration vs Time After Barite Treatment. . Solu- 
tion Obtained by Barite Treatment of the Slightly Acid Solution Used in Figure 1.' Assumed 
99% Removal of the Radium in Solution. Thorium Remains in Solution. The Ra224 Curve Rep- 
resents the Case Where 0.001% Th232 (on a uranium basis) Was Present in the Ore. 
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This Ra-226.value must, of C O W S ~ ,  be adjusted for  the chemical 
yield of the particular analysis employed and the-counting effi-. 
ciency of the equipmnt -sed for its measurement. 

t reabent  corrects the spgazem Pa-226 activity for Ra-223 inter- 
ference alone and assumes *&tm other radiumisotopes are 
present. 
a daughter of 1.9O-year 1%-238. 
natural thorium on a uani;nn basis,- the growth of Ra-224 act ivi ty  
froan the dissolved Th-228 parent w i l l  reach a maximum of about 
120 x 10-9 microcuries per ml. 
depicted i n  Figures 7 and 8. 
f o r  rad ium in systems con+&Ang xatural thorium is under develop- 
ment . 

It is particularly important to note that t h i s  simple 

The natural +~orium series includes 3.64-day Ra-224, 
If Ursnium ore contains O.OOl$ 

1 % ~  relative significance is 
A sc2table analytical procedure 

Those analyticsl techniques being employed f o r  the 
deternnna tion of Ra-226 have continued t o  receive attention 
during t h i s  past year. 
precision and t o  define and remGve their weaknesses. 
Section 111). 

Efforts =e being made to innprove their 
(Refer to  

Techniques which c a l l  for  pzecipitation of barium 

The English or  F m e ' ! 7  Method*g for  radium which 
sulfate have been found t o  be subjec?; to sane thorium inter- 
ference. 
includes a precipitation of lead suUate and eventually leads 
t o  counting of r a d i u m  after coprecipitation with barium sulfate 
on the counting planchet, waa found to coprecipitate OT carry 
Th-236 to a significan+, extent. The AEC1s H e a l t h  and Seefiy 
Laboratory a t  Idaho Falls reported approximately 10% thorium 
carry-tkough f r an '  relatively high level Th-230 solutions (10-5 
microcuries per m l ) .  
dilute solu.cion of approximately 3 x 10-9 microcuries per ml of 
Th-230 indicated approxima",zly 0.5% carry-+&ough. 
t h i s  is a serious limi'atim of t he  English Method. 

Experiments a t  Winchester employing a 

In any event 

* See Section 111, D. 

UKAEA Report, AERE-C/R 2385, 'The Monitoring of 
Effluents for  Alpha Emitters, P a r t  111, Radium. 
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Based on ionium t racer studies, the Winchester method 
Although for  radium analysis revealed no thorium interference. 

it is a somewhat more time consuming analytical technique than 
might be desired for  routine work, it remahs an excellent method 
f o r  radium determination. First described in WIN-101, its final 
steps put radium into hydrochloric acid solution thus separatbg 
it from diff icul t ly  soluble solids and, w i t h  the subsequent ion 
exchange step, yields a desirable carrier-free solu-Kan of radium 
fo r  mounting and alpha counting. 

below for  review: 
The major steps of the Winchester Method are outlined 

1. 

2. 

3. 

4. 

5. 

Precipitation of lead sulfate in the liquid sample to  
carny radium from the solution, 

Pb* + SO$ + s-le a t  pH 1 Pb( Ra)S04 

Conversion of the lead sulfate t o  lead carbonate to  
make the precipitate acid-soluble, 

Pb(Ra)SOq + Cog- - Pb(Ra)CO? + SO&’ 

Dissolution of the lead carbanate precipitate in nitric 
acid, and selec’dve prec5pitation of lead and heavier 
n 7 e  earths with fuming nitzic acid, 

Soiution of the lead ni t ra te  precipitate i n  water and 
separation of the bulk of the lead as lead chloride, 

lead in solution by passage of Separation of the remamug 
the hydrochloric acid solution thmugh Dowex-1 anion ex- 
change resin, 

. .  

PbC14‘ + Ra* + resin + Hcl resin - ( ~ b ~ 1 4 = )  + ~ a + +  
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6. Removal of hydlr.ochlc-ric acid frm +he 'effluent by evapora- 
tion, and fuming with n i t r i c  acid +a destroy any organic 
matter. 

. .  

7. Dilution t o  10 m l  and co i l l l t hg  of alpha activity from a 
0.2 m l  aiiquo3 dried or? a planchet. 

A radium +techniquz recent: pads known by the AEC Health 
and Safety Labo=.atozy a t  Idaho F e l l  & ~ i i  by the U. S. Public 
Health Service's Robert A. T G t  C a t e r  Cincinnati incorporates 
a particularly desirable feature, wEch'is  an alkaline EDTA 
(ethylenediaminetetraacetic acid) camplexing step to put the Ba(Fta)SO& 
into solution from which it may be readily reprecipitated by acidifi-  
cation. 
formally. 
general interest  and the Pubiic Health Service method appears in 
greater detai l  i n  Section IIi, D. 

This interest- methcd is  sa03 +A be reported in  de ta i l  
The Id& Falls procedure i s  briefly outlined below f o r  

1. Radium and thorium me  separated by TU extraction of thorium. 

2, Lead and barium cazzlezs ass added f a r  the precipitatian of 
leadsul fa te  with su3fllffic acid, 

3. Following filtratiar,, the s t X a t e  precipitate and the f i l t e r  
paper are heated W;+A- rLj;Llic ax2 p~-chlori;c acids to fumes 
of perchloric acid in o ~ e r  t o  sclubitize radium. 

4. EDTA is added +&gethe=. +-%h sodim hydzoxide to achieve a 
pH of ll t o  12. The sclutian is warmed t o  dissolve the 
Ba(Ra)SOq; C O O ~ B ~ ,  az filtered ia remove any insoluble 

- material, 

5. 

6. 

Glacial acetic acid is ths2 added tc, zepzecipitate the 
Ba (Ra)S04. 

After washing, the sol id is +,rwsSer=.ed t o  the counting 
planchet. 
several times to ac-hieve flx+Aer pusif ication. 

If d e s i r e ,  steps 5 and 6 may be repeated 
\ 

r/ Internal AEC Report tlDete&inatian of Radium-226 and Thorium-230 
in M i l l  Effluen+&I1 by Eversole, Harbertson, Flugare and S i l l ,  
Idaho Falls AEC Health &.ad Safety Laboratory; Oct. 5, 1959. 

6J Kahn and Goldin ,  ~ ~ ( r ' o u p n ~  of American Waterworks Association, 
Ita, 767 (1957). 
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The presen5 and fokuze Wbchester Laboratory,Jrogram is 
directed along somwbt 8iffe=2z% Uxes . t han  past work 
been designed to  p r o ~ 5 2 e ' s m e  2: ->le -ndssir!g basic information on 
radium an& thorium behavizr z r -  s?ezSi$aEy to consider the problesls 
of greatest signiflcmce f x m  
Specific projects cow beir4 ~t-&i%i a r e  intended to provide needed 
information on: 

and has 

s',s.&poht of radiological safety. 

a. 

be 

C. 

d o  

e. 

The basic c h d c a i  be,hsv5c:l. OS ~ d d i u m  and thorium 

D u e  t o  -he nagL4~.& %ad sm3je & the problem of radio- 
active pollution frcn ~?=la~?-a i c 1 & ~ i g  cgera+Aolls, this subject 
deseirves particular'atten-Aoz. Frcrn +&e adinary chemical stand- 
point, the concezkations of m3i-a slld thorium i n  m i l l  effluents 
and natura waters E B  e x v a e l y  ~ c w  iappro-tely 10-12 to 10-14 
moles per l i t e r )  a?d the-eref.;,-e t k s e  elements often behave in an 
anomalous fashion. 

- - - .  

It is  customery t3 c.hL-ac%esize the behavior of such 
dilute materials as S e h g  ! ! c ~ r ~ ' f e z - Z r e e ~ ~ ~  As noted in Section I, 
t h i s  concentra+Lon is so LOT t h 3  t h e  solubility product of radium 
compounds 'is not excee&:d. 
found both i n  m i l l  e f f l u ~ t s  ard Is5crstoly +;=as= experiments 
is so extremely small that 652 -3ioluSiiiaation even of minute 
amounts by reaction w i t h  t race impurities or adsorption on the 
walls of containers, f i l t ez  paper, or minor mounts of suspended, 
inert sol ids  may represent a substantia!, fraction of the total 
radioactivity. 

YES maat of these t racer  elements 

I/ WIN-115, llSummazy Report, 1954-1959, Raw Materials 
Development Laboratzry, Winchester, Massachusetts and 
Grand Junction, C o l a ~ a d o ~ ~ ,  
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Some c r i t i ca l  studies have been carried out in the 
past on thermdynamically simple system&. Despite such 
excellent past  work there remains a considerable amount of 
information to be acquired on h a w  t h i s  behavior is affected by 
the components of solutions encomtced in practical milling 
operation o r  in natme. The foilowing brief discussion points 
out some basic differences in the behavior of llcarrier-freell 
tracers and serves to orient those not fami l ia r  with this area 
of study w i t h  respect to ,fitwe Winchester programs. 

Ewerimentally, it is possible to distinguish between 
two general types of processes whereby radiotracers are carried 
out of solutio&: 

1. The tracer abms are iaccrpora'&d into the crystal 
l a t t i ce  of the precipftete as it is formed and, 

2. The tracer is adsorbed onto the surface of a solid 
dui.ing or after its formation. 

H a b n  classifies precipitation carrying processes as 
follows : 

8.. 

. .  
. .  

. .  

Isamorphow RepZacement: 
amounts of the tracer and c&er compounds are 
known t o  form isom~qhous mixed crystals. The 
tracer atoms me incorporated into the crystal 
l a t t i c e  of the caz-spier even if the tracer i s  
present a t  extremely dilute concentrations. 
C m  of rsdlm by in s i t u  precipitation of 
barium s-ate is  en example of this type. 

This occurs when macro 

The 

Anomalous4nixed c z y s t a l  formation: 
apparently incaporated into the crystal. l a t t i c e  
even though, i n  maem amounts, the tracer and 
carrier canpo-mds cuOe not known to form isomorphous 
mixed crystals. Whe~ incorporated into the  l a t t i ce  
as i n  (a) and. (b) above, the r a t io  of the fraction 
of trace=. precipitated to the fraction of carrier 
precipitated is essentially independent of minor 
changes in  precipitating conditions. 

The tracer is 

8/ 0. m,, llApplied Radio-Chemistryt1. 

a/ A. P. Ratner, Wethods fo r  Studying the Mechanism of Co- 
precipitation of Radioelements with Slightly Soluble Sal tP.  



. .  
C. Adsorption: In th is  ease the tracer is adsorbed 

d. Internal Adsorptim: This term is used to characterize 
the adsorp.tim cf *%he +;racer on the surface of grow- 

on the surface of the precipitate. 

ing C P y s W 6 .  

When the tzacer is rexnoczd from solution by m e a n s  of 
an adsorpticm process the r a t io  of the fraction-of tracer removed 
to the fraction of carrier r m v &  is quite sensitive t o  conditions. 

This process is l l y  characterized by the homogeneous 
distribution coeffisien &- 

When a barium cmpound i s  precipitated i n  the presence 
of radium, the homogeneous diazribution coefficient for  rad ium may 
be expressed as: 

D =  e R a d i d B a P  5-m r a t i o  in t h  e s u  
The Radfum/Bazium r a t io  in solution 

This ratio fo r  raium in barium s y a a t e  is approximately 1.8. 
the system is  in equilimum W s  same distributian r a t io  should 
be attained as each new c rys+d  leyer of the solid is formed. 
distribution coefficient "D*I is bown to be a function of texupera- 
ture. The greater the m i u e  of 'ID" which may be attained the 
greater the efficiency e-th which the tracer may be removed from 
solution (Figure 9),, 

ff 

This 

Surprisingly enorrgh, it cannot be generally assumed that 
the less  soluble c q o u n d  will cancentrate in  the solid phase. 
this is generally -e9 there are sane notable exceptions such as 
the radium-bapium-nitzate system where, despite the f ac t  that radium 
ni t ra te  is more soluble, +,he distzibutiosl r a t io  "Dtl equals 1.6. 

While 

The adsorptfan or' a tracer on the surface of a precipitate 
is quite understandably influenced by the extent of the surface area. 
A larger supface area adsorbs a la rger  fraction of tracer. Hence, 
a rapidly formed precipitate will carry more efficiently than a slow- 
ly fomed one;, a precipitate formed cold w i l l  have greater surface 

JQ/ Henderson and bacek, T h e  F'raetional Precipitation'of 
Bar ium and Radium Chromate~~~, 
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area than one formed hot. In zddition, t h e  electric charge on the 
precipitate m u s t  be opposite t o  the charge of the tracer ion; that  
is, the oppositely charged ion m u s t  be in =cess i n  the solution. 
Figure 10 shows the decrease h radium carryir?g caused by excess 'of 
the similarly charged bzrium ioz. 

RecrystallizaALon which GCCWS during prolonged stand- 
ing of a precipita%$ in coa+,act ~ 5 t h  +he tracer solution may either 
increase or decrease &&e f r a c t i m  of the tzacer carrier. The 
mechanism whereby tha f r a c t i m  of *ace,- 2.a the solid phase w i l l  
increase upon prolcr3eii stariiiq I s  the.% of in+,ernal adsorption. 
The carrying of radim by hydrated i r o a  oxide a t  pH 8 is an example 
of carrying by adsoq-.' d l 0 3 0  

preformed PreciDi  tat'es 

Tracers may also be removed from solu%ion by preformed 
Under such circumstances two carrying pro- non-metallic solids.. 

cesses are considered: 

I ' . "  1. A d s q t i o n  by +he exchange of io.o.o.o.o.o.o.o.o.o.o.o.o.o.o.o.o.o.o.o between the solution 
and those_ on the surface of +&e cry&& and, 

2. Isamorphous replecemezt i n  which +de tracer is first ad- 
sorbed by exchanging w i t h  the icm on *-e surface and then is 
slowly incorporated into the c r y s + a  l a t t i ce  during the recrystall i-  
zation of the so l id .  
an example of this l a t t e r  process, 

The re.?tov& of ra@m by natural barite is 

Factors which increase the ei'ficiezqcy of carrying by 
. preformed ionic p x c i p i  tates V;,S isomcphous replacement include 
l e g e  surface area of the p x ? ~ z ~ ~ d  ?zec:pftate, long contact time 
to  permit crystallizaTion to ?rased,  high temperature to  speed 
recrystallization, m d  nahtenance of %he concentration of competing 
ions of the same charge w e l l  bekw &he concentration of the tracer 
ion. 

In some solu+,iom carrier-free tracers are bown to be= 
h q e  more l i ke  colloids than true solutes. 
appear to be inactive colloids such as dus t  or s i l i c a  onto which 
the radioactive atoms have adscrbed. 
form hydrolytic precipitates i n  solution favors formation of radio- 
colloids whereas the presence of a cnmplexipg agent i n  the solu- 
tion w i l l  tend to  hinder radio-colloid formation. Excess sulfate 
ion (fran H s O 4 )  is hown to  cause radioactive barium-140 to form 
a radio-colloid presumably as barium sulfate. 

Many radio-colloids 

The tendency of a tracer to 
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The isotopic exchange between the tracer atoms in a radio- 
colloid and inactive isotopic carrier added to the solution is 
ordixhrily slow. 
are also used +A demonstzate the existence of colloids. 

D i a l y s i s ,  electzophoresis and diffusion studies 

Future Studie S 

. Bearing the foregoing in mind, the behavior of radium and 
thorium during coprecipitatian with or adsorption on various solids 
encountered i n  practical uranium m i l l k g  operations and the natural 
environment w i l l  be studied. This w % l l  include its behavior w i t h  
both freshly precipitated and preformed barium sulfate system and 
the influence of pH, salt strength and competing cations t h i s  ex- 
change. 
of verying ages as w e l l  as i n  ba-im sulfate precipitated in s i t u  is 
included i n  t h i s  series of tests. Radio-tr-acers of radium, thorium, 
and barium will be used in the over-all st9dy. 

The howkdge and experience gained from these synthetic 
systems w i l l  a id  i n  the prediction of the behavior of these radio- 
active elements i n  the more complex systems encountered in  m i l l  
operation or in nature. 

The distribution of radium on aad i n  preformed barium sulfate 

The current conclusions on ~ a d i u m  and thorium behavior and 
recommendations on proper treatment canditions and techniques appear 
i n  Section I of t h i s  re?ort. The extant of future effor t  and recom- 
mendatians for  improved processes m u s t  await the development of some 
of the more basic relationships of behavior being studied under 
Project 1 above. 
bigh calcium ion content found Fr:many acid m i l l  tailings effluents, 
since calcium is b-own to h t e r f e r e  with and impede the precipitation 
of radium sulfate. 
radium could be quantitatively carried with barium sulfate out of a 
saturated calcium sulfate so lu t ia  By the very slow addition of 
barium chloride ta form the radium baAum sulcate i n  si tu.  

Same basic consideration has been given to the 

It was demonstrsted. in the laboratory that 

Since these studies have jus t  begun, the next quarterly 
report for  Winchester w i l l  discuss t h i s  subject and futyre plans 
a t  greater length. 
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c. mE BEHAVIOR AND FATE OF RADIUM AND THORIUM IN THE PROCESSING 
MILIS, PARTICULARLY THE T AILINGS PILE AND IMMED UTE ENVIRON S 

The latest information on radium an3. thorium balances 
around acid and alkaline mill circuits is reported in Section I and. 
Appendix A of this report. Particular attention is presently being 
directed toward improving our larorrledge of the radium and thorium 
balances around the tailings piles themselves, 

W i n d  erosion of tailings solids and erosion by rain and 
run-off water appear to be worthy of special attention. 
scoping information obtained through samples from our Grand Junction 
Field Office indicates that the wind erosion of tailings solids and 
their ultimate fate in the surrounding area must be studied further. 
The current program entails solid and liquid sample collection at 
selected points in the mills and the area immediately surrounding the 
mills. This program has been established with the cooperation of 
several of the operating mills on the Colorado Plateau. 
efforts are considered as scoping studies and the future year's 
efforts w i l l  be largely dictated by the results obtained. 

Recent 

Present 

IQUES OF IMP ROVED PRECI S m  

There are two prerequisites for an analytical technique 
which is to be used for purposes of establishing regulatory compliance. 
First, it must achieve a precision which is meaningful with respect 
to regulatory control and, secondly, it must be sufficiently simple 
and straightforward to be carried out in the average chemical labora- 
tory. 

The so-called ttWinchesterlt analysis for radium described 
in WIN-101 and outlined Section I of t h i s  report is a promising 
and reliable techniqu d A n  effort has begun to assess the rela- 
tive strengths and weaknesses of this and other methods for deter- 
mining trace amounts of radium and thorium. Particular emphasis is 
being directed toward improving the precision of analysis to lO$ 
or better. 
and thorium at concentrations of 10-8 and 10-9 Pc/ml w i l l  also be 
explored and perfected, if advantageous. 

Completely new techniques for the analysis of radium 

Section I1 of this report presents the present status of 
sampling and analysis of mill streams. 
summarizes the studies now in progress. 

The following briefly 

IdJ Petrow, Nietzel and DeSesa, t%diochemical Determination 
of Radium in Uranium Milling Samplesll, paper presented at 
the American Chemical Society Meeting, Sept., 1959. 
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padium Standards 

%dim-226 standards were obtained from the National Bureau 
of Standards. Due t o  the rather rapid build up of radon t%ma.nationlt 
and its daughter ac t iv i t ies  i n  a solution of presumably pure. radium- 
226, a prerequisite t o  the counting of such standards is  the i r  ttde- 
emanation. This was accomplished a f t e r  the long-lived polonium-210 
daughter vras solvent extracted with "TA a t  pH 2. 
de-emanated by flushing w i t h  iner t  gas f o r  f ive  hours a t  90°C t o  
allow f o r  the decay of existing daughter ac t iv i t ies .  
t ion  was  then promptly aliquoted and counted. 

The solution was 

The radium solu- 

morium Standards 

Thorium-230 or ionium was obtained from the Oak Ridge 
National Laboratory. 

ubora tory  Premration of Radium and Thorium Tracer t1  Reagents 

Radium and thorium were isolated from a lmown pitchblende 
(obtained from New Brunswick Laboratorg) by the Winchester radium 
analysis technique and by the LaF -TTA thorium analysis technique, 

jected t o  alpha pulse height analysis on a 50-channel analper * and 
shown t o  be predominately ~a-226 and Th-230. 
have also been standardized and employed in development studies. 

respectively. A n  aliquot of the a inal solution of each was sub- 

These t racer  solutions 

&inches ter Method 

The Winchester technique fo r  radium analysis offers the 
disti,nct advantage of alpha (proportional) counting of a carrier-  
f ree  deposit ra ther  than the ciistomary barium sulfate  carrier of 
radium. The radium yield from t h i s  procedure has been 75 - 825 f o r  
aqueous samples and s l igh t ly  higher, approxima+,ely 875, for solid 
samples, the difference apparently being due t o  the phosphoric acid 
dissolution technique employed on solid samples. This l a t t e r  point 
i s  being investigated. 

Radium is  separated from the bulk of the sample by 
precipitation of Pb-RaSO4 with the attendant loss of several per- 
cent of radium i n  the supernatant. 
from this supernatant could conceivably be employed t o  improve the 
chemical yield further,  but this does not appear t o  be justif ied.  

A second precipitation of PbSO4 

* TTA = 2-Thenoyltrifluoroacetone 

+w Analyses performed by Tracerlab, Inc., Richmond, Calif. 
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Radium is  purified further frm other radioactive nuclides 
by conversion of the lead sulfate t o  t h e  acid soluble carbonate, d i s -  
solution of the carbonate with n i t r i c  acid and selective precipita- 
tion of the lead and radium as ni t ra tes  w i t h  fuming n i t r i c  acid. The 
hamogeneous distribution coefficient f o r  radium i n  lead n i t ra te  a t  
0°C is essentially the same as for  raium in berium sulfate; D = 1.8. 

. .  
. .  . . .  

I '  

I "  

Several per cent of t2\e radium activity is also l o s t  t o  
the supernatant a t  the poiat of rretat9esF.s of the sulfate t o  the 
carbonate. 
tively. 

The n i t ra te  precipitatian carries rsdium almost quantita- 

The pb-Ra-NO3 is dissolved in mte: and the bulk of the 
lead removed as PbC12 w i t h  coxxentrated HE. 
of radium follows t h i s  discard precipitate. 
separated from the reaainixng iead on Dowex-lx8 
A concentrated n i t r i c  acid treament is used t o  r i d  the sample of 
organic matter. The volume of the solution is  reduced to 10 ml and 
the acidity reduced to UI. 

A negligible percentage 

anion exchange resin. 
In 2 M  HC1 radium is 

An a l i q w t  is  removed for  counting. 

Ionium (Th-230) tracer experiments were carried out to 
demonstrate that there was no interference in t h i s  analytical 
technique from thorium isotopes, 

Employing +he Winchester method a t  a level of 13 dpm of 
radium per l i t e r  the radium recovery was 8346 to yield a counting 
sample resul t  of 10.8 2 0.3 &pm/Et.ez (The P a r t  20 l i m i t  of 4.10-6 Pc per 
l i t e r  corresponds to appraxhatcly 9 dpxqhiter) 

Further efforts +a inip0v-e the consistency and re l iab i l i ty  
of this-radium analysis are presently being considered. 

b l i s h  Method 

The c 'ef virt?Je of the Xr!!iLsh or Barwell Method for 
radium analysis-/ P was considered to  be its speed- 811 analysis in 
duplicate being possible in zpproxhately t k e e  hours. 

The cheniicai separations are  easily made and include: 

1. Precipitation of F%-RaSO& w i t h  the associated loss of 
several per cent of radium i n  the supematant. . .  

2. Dissolution of Pb-Ra-SO4 i n  HC1-ether. 

3. Precipitation of Ba-Ra-Clz with an attendant loss of 
several per cent of radium i n  the supmatant  and an equal loss 
in the subsequent wash step. 
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4. Transfer of the washed precipitate to the counting planchet 
and addition of dilute H s O 4  prior t o  counting. 

The chemical yield f o r  t h i s  procedure is about 82%. 
. pointed out ear l ier  ionium (Th-230) tracer experiments were carried 

out t o  test the degree of interference from thorium activity. 
decontamination factor of only 2OO-3OO seriously U t s  t h i s  technique 
fo r  analysis of P a r t  20 levels of radium unless a prior thorium-radium 
separation etep has been carried out. 

. a radium level of 4 dpm per l i ter  was analped in duplicate with a 
chemical recovery of 86 2 54. 

As 

A 

W i t h  no t h o ~ u m  interference, 

m e  EDTA Method fo  r Radiurg 

This procedure was developed in 1956 by Dr. A. S. Goldinu 
while a t  the e r t  A. T a f t  Sanitary Engineering Center, U. S. Public 

EDTA canplexing of Ba-RaSO4 was subsequently developed ependently 

f u l l  procedure is soon to be published. 
reader, the procedure developed by the Public Health Service is 
reproduced here: 

Health Service 73 . Essentially the same analytical technique employing 

a t  the AEC Health and Safety Laboratory a t  Idaho F a l l s  P and their  
For the convenience of the 

Bearrents 

Ba(N03)2, O . U *  (Note 1) 

Pb(N03)2 1 ti 
Acetic Acid, glacial  
Citric Acid, 

Sulfuric Acid, 1:l by volume (approx. la) 
Nitric Acid, concentrated (approx. la) 
Ethylenediaminetetraacetic acid , disodium salt (EDTA) , w4 

NH4OH, concentrated (approx 15K) 
M e t h y l  orange indicator (M.O. ) , O.l$ 

(should contain 0.1s phenol to prevent 
biological growth). 

“WOH, 6K 

UPresently Chemical Director, Winchester Laboratory 
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- _. . ,Procedure : 

a. Add t o  one-liter sample of water (Note 2) the following 
reagents (in order): 

5 ml c i t r i c  acid, 2.5 m l  conc NHbOH, 2 ml Pb(NO3l2  and 
1 ml* Ba(N03)~. 

b. Heat to boiling, and add to the hot solution 10 drops 
Methyl Orange. Add with stirring, sulfuric acid t o  a pink color 
and 0.25 m l  in excess. 
hours, and decant and discard supernatant. 

Digest 5 - 10 minutes , l e t  s e t t l e  1/2 - 2 

c. Collect the precipitate i n  a 50 - ml centzifuge tube. 
Wash the precipitate twice with 10 ml portions of "03, discarding 
the washings . 

d. Dissolve the precipitate i n  10 m l  water, 10 ml EDTA, 3 ml 
6N NH4OH. Warm. 
acetic acid, digest 5 - 10 minutes, and centrifuge, discarding the 
supernatant. U t e  t h e  (Notes 3 and 4) . 

Add dropwise to the warm solution 2 ml glacial 

e. Wash the reprecipitated BaSO4 with water and transfer to 
a centrifuge tube adapted for centrifuging precipitates on to plan- 
chets (Note 5). L e t  s e t t l e  5 - 10 minutes, centrifuging down, dry, 
flame, weigh, and count. 

f .  Calculate the Ra-226 activity fmm the count and from time 
If there is any question as to isotopic o r  of daughter in-growth. 

chemical purity of Ra-226, retain the precipitate for  24 - 48 hours 
and recount. Calculate Ra-226 content fram rate  of daughter ingrowth 
(note 6), or as described in  Section 2 fram the expression derived in 
Appendix K. 

Hotes : 

1. All concentrations and quantities which are c r i t i ca l  are 
Concentrations and quan+,ities not indicated by an asterisk (*). 

so marked need be accurate to  only f. 105. 

2. Larger samples may be taken if  desired, with suitable modifi-  
cation of the quantity of reagents used i n  concentration. 
of barium carrier, however, should not be increased. 

The quantity 

(cont Id) 
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3. This q k t i t y  of acetic acid is in approximately 2:l 
excess over the NH4OH, giv ing a pH of about 4.5. 
t o  destroy the Ba-EDTA complex, but not the. Pb-EDTA. . 

4. 
precipitate. 

This is  sufficient 

Fram th is  time on, Rn (and daughters) grow in t o  the BaSO4 

5 .  AtoniLab-Ekstein centrifuge tube. If not available, the 

6. 

precipitate can be transferred in  any suitable manner. 

(Appendix J) assmhg no radium-223 present or correcting for  radium- 
223 using the eqression derived i n  Appendix K. 

Can be calculated from data of a r b y ,  in AEC Report U-859 

Employing t h i s  EDTA procedure, it was demonstrated that 
a chemical recovery of 80 - 85s could be achieved at a level of 2 
dpm of radium per liter. 
levels has yet t o  be established. 

The precision of t h i s  technique a t  P a r t  20 

Two methods for determining thorium are being reviewed 
and evaluated in order t o  find a suitably precise means  of monitoring 
uranium mill effluents. The method of detemhing thorium previously 
wed in the Winchester Laboratar& is being compared with a method 
developed by the AEC Health and Safety Division a t  Idaho Falls. 8 

Past Win Chester Pro cedtrre 

The carrier-free determination of t h o r i u m  used a t  Win- 
chester -and report 
developed a t  &. Thorium is  carried on lanthanum hydroxide 
and subsequently on lanthanum fluoride. After dissolution of LaF3 
i n  a aluminum nitrate, the t h o r i u m  is extracted with 0.- Gthenoyl- 
trifluiroacetone in xylene thus separating it from lanthanm. 
b e w  83iFip$ed fram-the organic phase with a n i t r i c  acid, the t h o r i u m  
is mounted and counted. 

i n  WIN-1l.l was a modification of a method 

After 
A 

It has been found that the past practice of extracting 
thorium from a solution whose pH was adjusted t o  l;5 is responsible 
for uranium carry-through and interference. If the pH is adjusted 

J2/ F. L. Ahre, ftRadiochemical Determinatian of Ionium i n  
U r a n i u m  Fluorination Ashff. 
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t o  O . ~ ~ ~ ~ ~ ~ J O I - ~ U I X I  extraction i s  satisfactory and uranium i s  ex- 
cluded . The thorium yield i n  t h i s  procedure i s  considered 
t o  be 80 - 85%. It is  a useful technique but the sens i t iv i ty  ani3 
precision desired f o r  d i lu te  solutions i n  the range of 10-5 PC per 
l i t e r  of thorium-230 have not been established. 

Idaho Fa l l s  Method f o r  Th-270 Determ5natiog 

The Idaho F a l l s  method for  determining thorium is a 
sound one and was studied from the standpoint of improvements 
and precision. Several modifications were found advisable before 
it could be routinely used fo r  the analyses of thorium i n  uranium 
m i l l  vrastes . 

The method as reported requires: 

a. Adjusting the sample t o  a pH 1.2 using ammonium hydroxide 
and n i t r i c  acid with m-cresol purple as indicator; 

b. Adding 0.5M TTA i n  benzene t o  the Sample together with 
hydroxylamine hydrochloride. The thorium extracts from the aqueous 
solution in to  the TTA solution. . 

c. After separation by extraction,.the organic layer i s  washed 
w i t h  0.Q n i t r i c  acid and the thorium is  s+zi?ped from the organic 
layer with 9M hydrochloric acid. 

d. A 20; solution of triisooctylamine ( T I A )  i n  chloroform i s  
added to  the gu HC1 solution containing thorium in,order  t o  extract 
chloroacid complex forming metals silch as f e r r i c  iron. 

e. 
t o  dryness. 
and a f t e r  cooling t o  room tanpCratEe, the al2ha activiYjr is colm+,ed. 

The acid layer is washed with chloroform then evaporated 
Thorium i s  converted t o  %le d t r a t e ,  dried a t  500°C 

Investigations t o  date have developed sone aodifications 
of the procedure considered t o  be :highly dzsirable. These suggested 
changes are noted below:. 

a. The pH should be adjusted t o  0.8 wing  ei*&er HNO3 or "&OH, 

Two ex- 
with a pH meter. 
solvent and it also cuts d0YM on the iron content ( i f  high). 
traction steps are considered desirable. 

Tds controls the amount of uranium going in to  the 

E. Sheperd and W. Vi. Meinke, "TTA Extraction Curves!!, AECU-3879. 

F. Hagemann, "The Isolation of Actinium'!, J .  Am Chem. Society. 
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b. Several washings wtth 0 . a  HN03 (pH 1.0) are highly desirable 
since t h i s  tends t o  back-extract uranium. 
ings of the acid mashes were found to be unnecessary. 

However, TTA-solvent wash- 

c. Use of e i ther  4u or 6u HNO3 f o r  stripping appears t o  be 
preferable t o  9M HC1. Further study on t h i s  i s  i n  progress. 

d. TU-chloroform washings are necessary where the i ron con- ' 

centration is  a problem, 

e,  After stripping the solution and a f t e r  washing with TIA-chloro- 
form the separatory funnel should be washed down w i t h  4u HNO3 t o  wash 
off thorium ac t iv i ty ,  which was found t o  adhere t o  the glass walls and 
stem. 

U r a n i u m  and radium were employed to determine the extent 
t o  which they in te r fe re  i n  the TTA extraction step a t  a pH of 0.8. 
The maximum extraction of radium in to  TTA appears to be about 0.2s 
whereas the maximum fo r  uranium carrythrough is  0.4%. Due t o  the 
resul tant  low ac t iv i ty  of the organic phase these percentage values 
are  approximate and should be rechecked. 

95-96 has been realized w i t h  a precision of h 4$. 

t ion of thorium i n  m i l l  effluents i s  given s t e p i s e  below: 

Using the modified method a thorium recovery yield of 

The tentative modified Idaho F a l l s  method f o r  determina- 

1. Transfer a 200 ml aliquot t o  a 400 ml beaker. 
pH of the sample t o  0.8 on a pH meter by use of e i ther  HNO3 or  
NH4OH. - (Any s ize  sample may be used provided the TTA-benzene, etc. 
are  adjusted proportionally. 
t ion as shown by experimental data and r e f e r e n c u  

Adjust the 

This pH is  optimum f o r  the extrac- 

2.  Transfer the solution t o  a 250 ml separatory funnel w i t h  

i n  benzene and 5 ml of & hydroxylamine h drochloride (NH20H-HCl) 
solution. 
ex t rac t ionW).  

washings. Add 25 m l  of 0.5 2-thenoyltrifluouroacetone (TTA) 

(The NH20HaHCl reduces the Fe+g t o  Fe+2 and retards i ron 

3. Extract the thorium with TTA-benzene by shaking vigorously 
on a mechanical shaker f o r  f ive  (5)  minutes. 
separate. 
funnel and repeat the extraction for  f ive  minutes w i t h  a second 25 m l  
portion of TTA-benzene, 
thorium which is soluble i n  an organic medium). 

Allow the layers to 
Draw off the aqueous layer in to  mother 250 m l  separatory 

(The TTA forms a chelate complex with 
A l l o w  the layers 

M. Cefola and B. Micciolo, Y3tudy of Extraction of Fe+3 
from TTA as a Function of pH.", NYO-721. 
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t o  separate, draw off the aqueous layer in to  a 400 ml beaker and 
s e t  aside f o r ' t h e  determination of radium, if  desired. 

. - .  

. .  
. -  
. .  

. .  
. .  

4. Cambine the organic extracts in to  the first funnel. Rinse 
the second funnel with 10 ml of 0.a HNO and add this to the cam- 
bined extracts. 
t o  the aqueous solution f o r  the radium determination. 

Shake f o r  one minute an a then add the acid layer 

5. Add another 10 m l  aliquot of 0.2u HNO3 t o  the combined 
extracts and shake f o r  one minute. 
radium solutLon (use of 0 . a  HNO3 tends to  s t r i p  any radium end 
uranium thay have gone in to  the organic phase. ) 

Add the acid layer t o  the 

6. To the combined extracts, add 10 m l  of 4u HNO3 and shake 

The 4u HNO was used i n  place of the 9M HC1 i n  order t o  

vigorously f o r  two minutes t o  s t r i p  the thorium back in to  the 
aqueous phase. (The TTA-Th becomes Th(NO3)k i n  a strong acid 
medium. 
eliminate the need 9 or removing the chloride ion la te r .  

7. Allow the layers t o  separate and draw off the acid layer 
into a separatory funnel. HN03 to the TTA-benzene 
without shaldng t o  wash down the sides of the funnel and stem, and 
d r a w  t h i s  layer in to  the 125 m l  separatory funnel. 
found tha t  some ac t iv i ty  remains in  the stem which may be l o s t  in  
the next shaki.ng step).  

Add 5 ml of 

(It has been 

8. Repeat Step No. 7. 

9. To the combined acid stri ings, add 10 ml of a 205 s o h -  
t ion of Triisoctylamine ( T U )  15 J lp / i n  chloroform*. Shake f o r  
two m u t e s .  Discard the heavy organic phase. Repeat until the 
solution contains l i t t l e  or no iron (the solution should be color- 
less ) .  This i s  necessary only i f  i ron carr ies  over. 

10. 
remove any organic matter. 
one minute. 
organic phase. 

Follow the TU-chloroform w5th a chloroform washing t o  
Add 10 m l  of chloroform and shake for 

Allow the layers t o  s q a r a t e  and discard the heavier 

ll. Draw off the acid layer in to  a 100 ml beaker. Wash down 

* Tertiary amines are  very weak extractants f o r  Th a t  
all pH levels tested - including pH 1. 

Crouse and D e n i s ,  Wse of Amines as Extractants fo r  
Th (+U) from Sulfuric Acid Digests of Monazite Sands,tf 
ORNL-1859. 
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. the sides of the separatory funnel w i t h  LN 

t o  recover about lC$ of the ac t iv i ty  since 
and sides of the funnel c o n t a b  act ivi ty . )  

shaking and add t h i s  to  the acid layer-. %J 
"03 (2-3 ml) MithOUt 

( T n i s  step was found 
the funnel stem surfaces 

12. Evaporate %he solution t o  dr jmass  on a hot p la te  without 
Add 3-5 ml "03 to  destzay any organic material and 

Add 3 ml concentrated HNO3 
Transfer t h i s  

spattering. 
again cautiously evaporate t o  dryness. 
and reduce the volume t o  sbout 1 m l  by evaporating. 
solution quantitatively t o  a 2" curved planchet preferably, rinsing 
the beaker with d i s t i l l ed  water, 
ness under an infra-red lamp. 
ground gas-flow proportional counter fo r  alpha activity.  

Evaporate the solution t o  dry- 
Count +&-e planchet i n  a low back- 

Future work w i l l  include a study of the precision of this 
technique a t  proposed P a r t  20 levels. 

8. THE DETERMINATION OF THE EXTENT OF RADIOACTIVE EQU-RT UM 
EXISTING I N  FINE W ?IUM-BEARINrJ DUSTS 

The present practice whereby m i l l  dus t s  are analyzed t o  
determine the radiological hazard fram u r a n i u m ,  radium, and thorium 
i s  largely dependent upon a UI'ZZ&JIII analysis followed Sy the calcula- 
tion of r a d i m  and Yioriun con3ents (based lipon the measured uranium 
resu l t )  on the assumption that  secular equili5rium exists.  T h i s  may 
be a logical assumption i n  many instances and admittedly simplifies 
the analytical problem involved for  drrs+, smples since uranium is 
usually analyzed flucrometrisally. 

However, evaluating the zsdiological hazard as it pertains 

Does s e m l a r  eq&librilm exis t  i n  the ore feed and 
t o  the lung cannot be accurately determined m2ess the following ques- 
t ion is  answered: 
i n  a l l  d u s t  par t ic las  regardless of +&-elr pazticle s ize? 

To properly ansver t h i s  queat.ion, i t  i s  nxessary  t o  t e s t  
the hypothesis tha t  secular ecpilibrium does mist i n  ore dusts  and 
other uranium-bearing dus+,s. I t  i s  ft:-f;.ler necessary t o  determine t o  
what extent dust  of any given par%cfe s ize  range selectively concen- 
t ra tes  a n i  of the mdiosctlve dzugh t s s ,  
t h i s  l a t t e r  probler;: and its solution, iYornatlon has been accumulated 
on dust collection techniques and par t ic le  s ize  classification. 

Becase of the in te res t  i n  

Particles larger than two rxicrons i n  s ize  are considered 

If it appears 
t o  enter the upper respiratory t r ac t  whereas par t ic les  smaller than 
tv?o microns are considered to  enter the lower 11~4. 
t'nat, indeed, secular equilibrium does not ob"tain f o r  the certain 
par t ic le  sizes,  then understandably +he amollnt of radiation such 
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part ic les  contributed t o  the lung during the i r  residence w i l l  d i f f e r  
greatly from the calculated values. 
impactor and a cyclone will be suitable f o r  our dust collection and 
par t ic le  s ize  studies. 
t o  simulate.upper and lower lung d e p o s i t i o d .  The cascade impactor 
is an air sampling device which contains high velocity j e t s  i n  series. 
Sanples are  collected a t  f o  

collecting s l ide  a t  a progressively higher velocity. Stage two is 
considered t o  represent the division o r  boundary stage between the 
upper and lower lung. 

It appears tha t  the cascade 

The cyclone collects samples i n  two stages 

stages on glass s l ides  and a t  a final 
stage by a millipore f i l t e r u .  3 Each j e t  directs  the a i r  against a 

The ra t ios  of radium t o  uranium and thorium t o  uranium 
will be determined in these studies. Obviously the precision of 
the analysis will di rec t ly  a f fec t  the pracision of these ra t ios  
which are  t o  be used t o  detect  the presence or absence of radio- 
active equilibrium. Since any natural thorium (Th-232) present will 
appear t o  d i s to r t  this equilibrium, it is important that a technique 
be employed to different ia te  between such natural  thorium and Th-230 
which ar ises  i n  the decay of the U-238 chain and is  the predominant 
thorium ac t iv i ty  a t  secular equilibrium. Submicrogram quantit ies of 
Th-232 may be determined by neutron activation analysis. We inbend 
t o  explore the usefulness of this technique. This neutron capture 
process produces Th-233 whish has a 23 minute half-life and decays 
by beta and gamma emission t o  Pa-233 whose half- l i fe  is 27 days. 
The sensi t ivi ty  of the technique ranges frcm 10-2 $0 10-4 micrograms 
of Th-232 depending upon the neutron flux.* 

Preliminary ore and dus t  sansples have been received from 
the Monticello ml l  and each of +,hese samples has been separated 
in to  seven fractions by means of the Haultain DSra-sizer a t  MIT. 
Equilibrium studies m e  being conducted on each fraction. 
plans are to col lect  additional m i l l  dust samples ~ 5 t h  the two types 
of impactors mentioned, The cyclone will be used f o r  the first samples 
and the cascade impactor W i l l  be used f o r  broader par t ic le  s ize  
studies . 

Present 

bl/ H a r r i s  and Eisenbud, I1Dust  S q l e  Which Simulates Upper 
and Lower Lung Deposition,11 AMA, Archives of Industrial  and 
Occupational Medicine. 

J&/ Lippmann, IIReview of Cascade Impactors for  Par t ic le  Size 
Analysis and a New Calibration fo r  the Casella Cascade 
ImpactoP , American Industrial  Hygiene Jo~rnal:  

* Private communication from Mr. George Leddicotte, OWL. 
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RADIUM AND THORIUM BALANCES IN MILL CI RCC'ITS 

@dim and Thorium Balance i n  an Acid Leach - CCD - Ion Exchawe 

Radium balances have been determined and repor3ed around 
commercial mills using the acid leach - RIP process ( ~ - U 3 ) ~ ,  
alkaline leach - , and acid leach - CCD - solvent extrac- 
tion processes ( ~ ~ ~ ~ ~ ~ f l  A sampling program was completed in May 
1959 i n  a mill using the acid leach - CGD - ion exchange column 
process. The samples weze assayed i n  the Winchester Laboratory and 
solution, radium, and thorium balames awe h c h d e d  in t h i s  report. 

F3 owsheet 

A block flowsheet of the mill is shown in Figure 11 i n  
Crushed ore is ground in conjunction with the so lu t im balm-ce. 

water in a rod mill i n  closed circuit  w i t h  a cyclone, the cyclone 
underflow being returned t o  the rod mill. The cyclone overflow is 
fed to  a series of agitated leaching tanks a t  50 - 60 per cent solids. 
Sulfuric acid, steam, and an oxidant are added t o  the leach tanks. 
After the leach, the solid residus is  washed free of soluble uranium 
values countercurrently i n  thickeners. The washed residue is dis-  
charged t o  a t a i l i n g s  pond a t  approximately 55 per cent solids. The 
wash to  the l a s t  thickener is barren effluent, resin back wash and 
other process waters recycled,fram the ion exchange circuit. 
pregnant liquor overflowing the f i r s t  thickener i s  clarified and 
pumped t o  the ion exchange cbcu i t .  

The 

The uranium in the pregmzt liq7Loz is salectively adsorbed 
by anion exchange resin i n  a series of colunms. 
fourth of the column effluent is p.Ynped t o  the tailings pond while 
three-fourths is rehzrned as wash to  the CCD cimuit. After one 
column of resin becomes loaded with uranium, the Leach liquor i s  
displaced with water, the resin is backwashed with water t o  displace 
fine slimes, and the column i s  eluted. Elidtion is  accomplished by 
a combination of sodium ni t ra te  and sulfuric acid solutions. After 
the resin is  completely eluted $he eluant i s  displaced w i t h  water 
and the column is ready t o  be placed i n  the adsorption cycle again. 

Approximately one- 
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Acid Leach - CCD - IX Column M i l l  
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The higher grade eluate is then pumped t o  a two-stage precipita- 
tion circuit. . 

precipitation i n  quantity sufficient to raise  the pH tn approximately 3.0. 
Cawtic is added for  f ina l  pH adjustment. 
precipitates i s  f i l tered,  washed with water, and returned to the CCD c i r -  
cu l t  for recovery of any soluble uranium values w h i c h  it may contain. 
The f i l t r a t e  from the iron-gypsum filters flows t o  the second stage 
prectpitation where caustic soda is added t o  ra ise  the pH to 7.0. 
precipitated uranium is  f i l tered,  dried., and barreled. 
from the yellow cake filters is returned to eluate make-up. 

A slurry of hydrated lime is added to  the first stage of 

The iron-gypsum sludge which 

The 
The barren eluate 

Samr>les 
The sampling program was carried out over a 32-hour period on 

*y 19 and 20, 1959. Samples were obtained fram 17 sampling points which 
are shown as the circled numbers i n  Figure 13, The ore head sample (No. 1) 
W ~ S  a cut of r e m a r  m i l l  samples W e n  over my 18 and 19. 
the sample preceded the start of other mill samples by 24 hours, allowing 
for  a portion of the residence time of the solids i n  the circuit. M i l l  
personnel f e l t  the solids residence time was considerably longer, however, 
and assays of the ore and residue which will be discussed later substan- 
t iated t h i s  fact. 
of 250 ml samples taken every 4 hours during the 32-hour period. 

exchange feed (No. 6 ) ,  pregnant eluate (No. 12), feed ta U 08 precipita- 

sample taken every hour for  32 hours. An automatic sampler on the effluent 
to tails stream (no. 7)  takes a capos i t e  sample over 8-hour periods, A 500 
m l  Portion of t h i s  sample was obtained fram the four 8-hour composites 
collected during the sampling period. 

Ln t h i s  manner 

- 
The m i l l  water sample (No, 2)'consisted of a composite 

Leach tail (No. 3)) CCD tail (No. 4)) CCD wash, (No. 5 ) $  ion 

tion (no. 13), and barren eluate (no. 15) samples a l l  cons ? sted of a 100 m l  

The four special eluate samples (Noe. 8, 9, 10, and ll) were 
taken during one elution cycle to determine the effect  of the various 
steps in the elution on radium removal. Automatic samplers made it 
possible to obtain 2 - 3 liters for  each of these eluate samples. 
ban-gypsum cake (No. 14) was sampled by collecting a piece of f i l t e r  
Cake, approxbately 4 square inches, each hour. 
(No. 16) was obtained by cutting out a portion of the m i l l  l o t  sample 
then in progress. A one-liter grab sample of the tailings pond over- 
flow (No. 17) was taken on the las t  day of sampling. A continuous Sample 
was not necessary as the assay of t h i s  sample was not used in the balances. 
A special sample of the ore feed for  the entire month of A p r i l  (No. 18) 
was cut from the mill's composite sample. This sample was wed in stud- 
Urmhm-radium-thorium equilibriums. 

The 

The yellow cake Sample 
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A l l  solution samples were taken using separate marked glass 
beakers a t  each sample point t o  avoid contamination and were then poured 
into new polyethylene bottles. 
the Winchester Laboratory where they were assayed for radium and thorium 
using established techniques (WIN-101 & WIN-lll). 
and both the solid and liquid portions assayed. The solid portion of 
pulps was washed w i t h  water before assaying. The specific gravity of 
the liquid phase was determined w i t h  hygrometers and used in  calcula- 
tions, as will be shown later.  
where some precipitation occurred between the time of sampling and 
assaying, the precipitated material was dissolved before the,solution 
was assayed. 
Tables 1 and 2, respectively, 

The samples were shipped immediately t o  

Pulps were f i l tered 

In the case of the ion exchange feed 

Results of the radium and thorium assays are shown in 

solution Balance 

The large number of process flow rates which were automatically 
measured and recorded i n  the mill simplified the work of calculating a 
solution balance. The ore feed rate was ob-bained from the weightmeter 
reading. 
mill were used t o  calculate the water entering with the ore. The water 
added to  the grinding circui t  was calculated from the density of the 
cyclone overflow. All densities were measured and recorded hourly. In 
per cent so l ids  calculations a specific gravity of 2.7 for  the ore (an 
average figure measured and used by the mill) and solution specific 
gravities as measured (Table 1) were used. The steam used in leaching 
and the solution added along with reagen+,s were calculated from the 
difference in  pulp densities entering and leaving the leach circuit. 
The solution leaving the l a s t  thickener in the underflow was calculated 
from the density of ~e underflow. 

Moisture determinations on the ore feed which were made by the 

The wash t o  the last thickener, the effluent t o  tails, the 
ion exchange feed, and the backwash and transfer water were a l l  metered 
and recorded. 
of elution cycles per day times the volume of eluate sent t o  precipita- 
tion per elution cycle. 
from the difference i n  sulfate concentrations i n  the pregnant eluate 
and the feed t o  U308 precipitation. 
all calcium sulphate. 
laboratory. 
estimated slurry density. 

The pregnant eluate flow was calculated from the nmber 

The amount of iron-gypsum cake was determined 

It was assumed that the cake was 
The moisture of t h i s  cake was determined i n  the 

Water added t o  slurry the cake was calculated from an 
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SamD1 es and AnalNt i ca l  Results Showim Radium Determinations 
Acid Leach - CCD - Ion Exchange Column M i l  1, 

Solids 

Samwle L 
Ore feed 95 03 
M11 water - 
Leach t a i l  52.9 
CCD t a i l  55.4 
CCD wash - 
IXF - 
Effluent to &ils - 
Eluate to IXF - 
E l u a t e  to precip. - 
Eluate t o  make-up - 
Wash to  make-up - 
Pregnant eluate - 
Feed t o  U308 precip. 

Barren eluate - 
Yellow cake - 
T a i l  pond o'flow - 
Apri l  ore feed - 

Iron-Gypsum cake 54:7 

ore JCLO-~ dDm/P, 

9.77 2170 

1.68 - n/ 37 -3aJ 
1.31 291 - - 
7.57 1680 

Solution 

lb/ton 
ore 

105 
3068 
1781 
1610 
6822 
8419 
2053 
206 
347 
113 
112 
347 

- 416 
0.41 - 

Radium 
Spec. PC/@ 
Grav. )rlO'y 
- - - 128 

1.029 59,000 
1.017 16,000 
1.018 38,600 
1.020' 46,400 
1.017 38,100 
1,029 6,940 
1.072 11,300 
1,080 10,700 
1.068 586 
1.075 9,460 
1.064' 1,690 

1.052 . 40 
- - 
- -. 

- 24,900 

- 
0 ;  19 

44.9 
11.2 

136 
168 

. 1.61 

33.8 
'0.61 

0.49 
0.03 
1.34 
O? 30 
0.01 
- 
- - 
- 

, .. . . . .  . . .  . . . . .  . .  

i% 12 
i E  . 

a/ Includes cake plus moisture 
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Table 2' 

SBmole 

Ore Feed 

M i l l  water 

CCD t a i l  

Effluent to tails 

Pregnant eluate 

Feed t o  0308 precip. 

Yellm cake 

Tail pond o*flow 

April ore feed 

9 e 4 4  2,100 

0 - 
4068 10040 

I m 

0 0 

0 I 

2002 4,490 

- 0 

7.51 1,690 

42.2 

Th in Solution 
pc/d mg/ton 
~~~ 
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The flow to U308 precipitation was calculated from the 
difference in U3O8 content of the pregnant eluate and the feed to 
U308 precipitation. 
lime slurryo 
representative of the daily ore feed due to inventory changes, the 
yellow cake produced was calculated fram average recovery for the 
previous month and average U308 content of the cake. 
crepancies in t h i s  calculation are insignificant because of the small 
amount of radium and thorium leaving the mill in this product. 

The dilution is from the solution added in the 
Because yellow cake production fran day to day is not 

Any small dis- 

Moisture lost during yellow cake drying was calculated fram 
the moisture content of the cake from the yellow cake filters. 
barren eluate flow was calculated from the flow to U308 precipitation 
less the moisture lost during drying. 
metered and maintained constant for every elution cycle and calculation 
consisted merely of multiplying the volume per cycle times the number 
of cycles per day. 

The 

The various eluate flows are 

The solution flows, based upon one ton of dry ore are shown 
All figures are in pounds of solution on the flowsheet in Figure ll. 

per ton of dry ore entering the mill, except where noted. 
previously, the circled numbers show the various sampling points. A 
summary of the solution balance is shown in Table 3. 

As mentioned 

The solution balance shows that the accountability of the 
A separate solution balance around the solution entering was 1027'0. 

CCD circuit where flows are much higher shows 9994 lb/ton entering 
and 9823 lb/ton leaving for an accountability of 98$. Another balance 
around the elution-precipitation circuits calculates 333 lb/ton in and 
325 lb/ton out resulting in an accountability of 98%. The fact that 
solution reporting to the tailings pond was only 1.8 tans/ton me, a 
relatively low figure campared to many mills, indicated that radium 
and thorium levels in the tailings would be high. 
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Table 3 
Solution Balance 

Acid Leach - 0 - Ion Exchange Column M i l l ,  

lb/ton 
d z u 2 Z z  

mdium Balance 

Moisture in ore 
Water t o  grind 
Steam and reagents t o  leach 
Water flush a f te r  exhaustion 
Back-wash water 
Water and H$O4 t o  elution c i r cu i t  
Wash and s lurry of ircn-gypsum cake 

Total In  

solution Out 

CCD underflow solution 

Evaporation, yellow c u e  dr ie r  
. Effluent t o  tails 

Total Out 

105 
1355 
321 
210 
1283 
225 

108 
3607 

1610 
2053 
d 

3674 

The radium assays on the solids and liquid portions of each 
sample are shown i n  Table 1. 
and in Figure 12. 
of dry ore fed t o  the m i l l .  
of radium were made as follows: 

The radium balance is shown in Table 4 

Conversions of the assays t o  micrograms 
Radium figures are in rdcrograms of radium per ton 
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Factor 

dpm x 4.36 x 10-7 = Pg ~a 

Radium i n  solids 

+g &/ton ore = (lb solids/ton ore) x ( d p d g )  x 1.98 I 

Radium i n  solution 
I .  

I 

. .  
~> : .  

. .  

~ , :: 

. :. 
~ ' .  

I " 

I 

The above factors are based upon the following half l i f e  values, 
abundance figures, and calculations: 

H a l f  l ives  U238 4.49 x 109 years 

7.13 x 10 8 years U235 

~ a 2 2 6  1.602 x 103 years ;L9/ 

-223 11.1 days 

$ $35 in  UNat* = 0,7155 

Activity from 1 Pg Razz6 
Activity from Ra223 associated 

= 2.192 x 10 6 dpm 

= 0,1007 x lo6 dpm w i t h  RaZ6 = 2.192 x 106 x 4.592 x 
Total 2.293 x lo6 dpm/irg Ra 

o r  4.36 x 10-7 +g Ra/dpm 

Weight of Ra223 is negligible 

19/ Martin, G. R. and Tuck, I). G., !'The Specific Act ivi ty  
of Radium!' ljlt ernational Journal of Amlied R adia t i  on 
pnd IsotoDe s, Vol 5, p. 145 (1955) Pergamon Press Ltd. 
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Ore Mois%ure 
859 Solids nil 

Water 
0.1 

Basis: 1 ton dry c.re 
AU figures in :*e %[tm ore 

Acid - 
Steam n i l  4 t Leachin,; 1 Oxidant 

U.2 s o l k  
(.Q s n l i  

1136 

Fe - CaSO4 
Slurry 
0.90 so l ids  
& sol'n 

33.8 , sol In 
Redin 

I 

45.0 solfn 
638 sol',ds 

Back Wash +H20 
0.1 R.$sLz 

IX Elution 
I 

I [-+Lime 
c.01 0 - 001 

I 0.89 r Filmation b- ~ 2 0  sol' - 
B sol'n 0.30 sol 'n 

Lime e - CaSOtl  F::'; 
0 . 001 

Sarren 
I 

Sarren 
Eluate 

Water 
Evaporated 

0.41 solids 

Yellow Cake 

Fi-we 12, 
mium Balance 

&id Le ach - CCD - Ix Column Mi= 
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Table. 

Teach - 

Ore feed 
Water 

Residue 
CcD tail solutian 
Effluent to t a i l s  
Yellow cake 

Total 

Total 

In 

out 6836 4 

1/ Assay of sample taken during survey 
2/ Radium in ore calculated fram uranium oontent of ore feed for  

6 days preceding sampling period, 

. .  
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The discrepancy in the radium balance on the l e f t  in 
Table 4 (80$ accountability) is due to the large difference in 
radium in the ore feed and residue, This much radium is not 
dissolved. After the survey it w a s  discovered that  the uranium 
content of the feed to  the m i l l  and, correspondingly, the radium 
assaya made a sudden increase on the day the sampling program was 
etarted. The uranium content of the feed for the 6 days preceding 
the sampling period averaged 0.261$ U308 which, amming secular 
equilibrium, would correspond to a radium assay of 1707 dpm/g or 
676 Pg Ra/tan ore. During the sa@ing period the ore contained 
0 . 3 s  U308 and 2170 dpm Ra/g or 859 Pg Ra/ta. 
that the resid- sample d id  not represent the ore feed during the 
scurplbg period. 
of 1707 dpq/g is used the accountability is 101s. 
assay o p 8 ~ a  representative of ore fed prior to the sampling period. 

It was obvious 

However, i f  in the radium balanoe the head assay 
The residue 

From past studies in uranium mills it was found that fram 
2 to 4s of the radium in ore is dissolved in the process of leaching. 
The soluble radium in  this case was 5 to 6 per cent, depending upon 
whiah ore feed assay is used, but th is  can not be substantiated fran 
the head and residue assays taken during the sampling period. How- 
eyer, using the head assay of 1707 d d g  (fram the 6day  average 
before the sampling period) the head and residue assays would then 
indicate 5.w of the radium was soluble. 
with the amount actually solubilized, 45.4 &/ton (6,7$ of 676 %/ton) . 
A soluble radium balance around the CCD circui t  is shown i n  Table 5.. 
The accountability in t h i s  case is  99s. 

O n l y  6$ of the radium which was solubiliz;?d, or 0.3s of the 
radium fn the ore feed, was removed fram solution by ion exchange 
aad reported in the several eluate streams, 

This compares favorably 

The pregnant eluate to precipitation contained 1.34 & 
Ra/ton ore of which 66$ precipitated with the ban-gypsum cake when 
the pff was ra ised  t o  3.0 w i t h  lime and cau t io .  
to note that in the m y  of an acid leaah - RIP mill (WIN- l l3 )  it 
was found that the lime precipitation of the pregnant eluate, during 
whicsh the pH was raised to 3.4, did not preofpitate any appreciable 
quantity of the radium. The different behavior of radium i n  the two 
precipitate circuits may be due to the amounts of iron, aluminium and 
gypsum i n  the pregnant solutions, 

It is  interesting 

Of the radium in the ore feed only 0.05s reported in the 
yellow oake. Nearly a l l  of the solubilized radium le f t  the circui t  
in the ta i l ings  streams and only 009$ of that dissolved w a s  contained 
in the yellow sake, 
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xable 5 

Soluble Radium Balance Around CCD C i r c u i t  
,Acid Leach - CCD - Ion Exchwe  Column Mill, 

Radium In 

From Leach 
CCD wash 
Iron-gypsum cake 

Total In  

Radium Out 

CCD t a i l  solution 
Ion exchange feed 

Total Out 

Accountability = J79.5 x 1 00 = 99% 
181.7 

pe Ra/ton ore 

44.9 
135 9 
0.9 

181.7 

11.2 
-2sJ 

179 * 5 

The radium assay of the tailings pond overflow was 55,300 
dpm/l (2.49 x 10-5 i+c/ml) which i s  one of the highest levels i n  
mills studied t o  date. 
coupled w i t h  the low solution t o  ore r a t i o  of the ta i l ings  accounts 
f o r  t h i s  high radium level. 

The larger percentage of radium dissolved 

plorium B alance 

Only a portion of the samples were assayed f o r  thorium, 
enough t o  determine the disposition of the solubilized thorium 
and t o  calculate a thorium balance. 
Table 2. 
below: 

Thorium assays are shown i n  
The conversions from dpm to  mg of thorium are shown 

Factor 

dpm x 2.217 x lom8 = mg Th 

Thorium i n  s o l i d s  

mg Th/ton ore = ( l b  solids/ton ore) x (dpm/g) x 1.006 x 10-5 

(continued) 
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Thorium in solution 

Half l ives ~h230 8.0 x 104 years 
Tha7 18.6 days 

Aativity from 1 mg Th230 = 4.313 x 107 dpm 

Weight of Th227 is negligible. 

The thorium balance is shown in  Table 6 and on the flowsheet 
Based upon the assay of the sample of the ore feed the in Figure 1's 

acuountability of thorium is 94$, If the thorium in  the ore feed is 
calculated fmm the uranium content of the ore feed for the six days 
praoeding the test, the accountability is Us$. 

The t h o r i u m  solubilized amounted to  45% of that in the ore 
feed 8 w l e  or 554 of that in the feed f o r  the six days preceeding the 
sampling period, 
of 50s and 395, respectively. 

The feed minus th5 residue assays indicate a solubili ty 

The thorium which loaded and was eluted in the ion exchange 
circuit  was 3$ of t ha t  in  the ore or 6$ of that solubilized, 
latter figure is  identical to the percentage of r a d i u m  which ion ex- 
ohanged * 

The 

The thorium which was precipitated with the iron-gypsum 
precipitate yas 84% of the amount contained in the pregnant liquor. 
As in the case of the radium, essentially all of the soluble thorium 
left the mill in the t a i l i n g s  solution, 
0.s of the thorium fed t o  the m i l l  i n  the are. 

The yellow cake contained 

The tailings pond overflow sample contained 413,000 dpm 
T4/1 (1.86 x 10-4 cb wa) , 
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Ore Feed 

Residue 
CCD tail solution 
Effluent to ta i l s  
Yellow cake 

- 
42.g 34. Y 

Total Out 39.6 

Assay of sample taken during survey 
Thorium in ore calculated f r o m  uranium content of 
ore feed fo r  6 days preceding sampling period. 
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Fe 

Ore 
42.2 s o l i d s  

Grind & Leach Water 
Acid 

Basis: 1 t o n  d r y  ore 
. A l l  f i g u r e s  i n  mg Th/ton ore 

20.9 s o l i d s  
6.48 s o l ' n  I 

- Cas04 
S l u r r y  

I 

12.0 s o l ' n  - - 
20.9 s o l i d s  

1 18.5 s o l ' n  
I 
I 

Resin 
I 
I 
I 

IX E l u t i o n  
I Make -Up NaN03 b- HZS04 

Lime *Fe - Cas04 Ppt.1 

F i l t r a t i o n  

0.18 s o l ' n  
l/ 

NaOH u308 Ppt . I 
I 

Barren 
E lua te  

t I 
I 

Yellow Cake 
0.32 s o l i d s ,  

F igure  
Thorium Balance 

Acid L m h  - CCD - IX Column M i l l  
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~ummars of Radium and Thorium Balance Studies i n  Uranium Mills 

Studies have been made in  four uranium mills employing 
different processes to determine the disposition of the radium which 
enters i n  the ore and the source of the radioactive material in the 
tail ings.  
were included in the studies, are  (1) acid leach - resin-in-pulp, 
( 2 )  acid leach - countercurrent decantatim (CCD) - ion exchange 
columns, (3) acid leach - CCD - solvent extraction, and (4) alkaline 
leach - f i l t r a t i o n  - caustic precipitation. 
of the studies on radium is shown i n  Table 7. 

The four basic processes in use i n  the industry, and which 

A summary of the resu l t s  

Only a small amount of radium i n  the ore is solubilized in  
This quantity varied from 2.376 of the the uranium leaching circui t .  

radium contained i n  the ore feed in, a n  alkaline leach mi l l  to 6.7% i n  
one acid leach mill. In the acfd leach mills most of the soluble 
radium does not follow the soluble uranium values which are selective- 
l y  recovered in ion exchange.and organic solvent c i rcui ts ,  but rather 
i t  r.eports i n  the effluent or raff inate  tailings. The amount of 
radium contained in the yellow cake product fsam the acid plants 
varied from O.O@ t o  0 . 2 6  of the radium in +Ae ore feed. 

In  the alkaline leach - f i l t ra+, ion process the caustic 
soda precipitation not only precipitates the uranium but simultaneously 
precipitates all of the radium. The only radium in the ta i l ings  i s  
the soluble loss through the residue f i l t r a t i o n  c i rcu i t ,  which in the 
case of the mill study was only 0.03% of the radium entering in the 
ore feed. 

The small portion of radium solubilized, however, resu l t s  
i n  a suff ic ient  quantity t o  raise the cancentPation of the tailings 
solution cansiderably higher than Part 20 specifications f o r  effluents 
released to  unrestricted areas. 
these four studies varied from 9.7 x 10-8 r-Cc/ml to 2.8 x 10-5 %/ml 
or 24 to 7,100 times the specificatior?, level of 4 x 10-9 Pc/ml. 
radium level  in the ta i l ings  solution will vary inversely with the 
quantity of m i l l  water used, which in  turn d i lc tes  the ta i l ings.  
Note that i n  the case of the acid leach - CCD - column mill the tail- 
i n g s  flow was  only 1.8 tons/ton ore compared to 4.4 and 7.4 in the 
other two acid leach mills. 

The ta i l ings  solution streams in 

The 
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Fta balance, tJg Ra/ton ore 

Ore feed 
Solid residue 
Tailings s o l h  
Yellow cake 

Ra aooaunted for ,  $ 

Per cent of Ra in ore 
Solubilized 
In ta i l ings  s d ' n  
In yelloar oake 

Acid leach 
RIP 
0.324 
8.78 w@o 
5.9 
3,070 
7.4 
2,920 
7.84 
6 . w  
l2W 

848 
lo00 
20 
2.2 
E l  

2.6 
2.4 
0.26 

Acid Leach Acid Leaah 
~ C C D - S X  

0.26l 0.270 
7.69 8.74 
59,000 14,200 
4.2 2.8 
46,400 10,200 
1.8 4.4 
28,400 7,120 
1.31 
1.8 
2 4 , m  

163 
6,4& 

676 
638 
45 
0.4 
101 

6.7 
6.6 
0.06 

Auca. Leach 
Eiux&&L 

0 . 185 
5.27 
9,850 
0.9&, 
1 4 , O O d  
4.5Y 
97 
47.6 
10 
99 

3.8 2.3 
3.6 0.08 
0.22 2.2 

Last filter cake.moiature diluted 10.8 to 1 with water, 
2/ T. -8 ndxed with alkaline leauh ta i l ings  and neutralized with lime 

Bafrinate pond only; aolutian from CCD w a s h i n g  c i r m i t  not included. 
W Pregnant uquor t o  caustic preoipitatian. 
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In two of the m i l l s  studied, acid leach - CCD - oolumns-and 
acid leach - CCD - SX, samples were also assayed for thorium. 
summary of U s e  two studies is shown in Table 8 (. 

A 

m e  '8 

Praoass 
h i d  Leach h i d  Leach 

Em .II CCD-SX 

b e  feed, Th/g 7.69 - 10.2 
'Failings solution, -/tan ore 1.8 4.4 

WO-5 T4/ml 22.4 9.5 
Yellow see, WE 2.02 . -  
Tail ~and 8o11n, pH 

tkxl0-5 Th/ml 
1 . 8 .  

18,6 

CsAC. 
Solid residue 
Taillnge s d ' n  
Yellow cake 

Th acaounted far, $ 

Percentof Thinore  

* '  r: In W i n g s  801% 
Solubilized 

In yellow cake r 

20.9 16.6 

55 
54' 
009 

19.3 
2.5 
81 

46 
41. 
5.3 
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Approximately 505 of the thorium i n  the ore (Th-230 and 
Th-227 when no natural thorium is  present) i s  solubilized in  the 
leaching circuit. As i n  the case of the radium, the majority of 
the thorium does not ion exchange or extract into the solvent but 
reports in the tailings. 
showed a variation from 0.s of q a t  in the ore feed t o  the ion 
exchange mill to 5.3% i n  the solvent miU. 
was di-2-ethyl hexyl phosphoric acid. 
thorium is  picked up by the solvent than by arion exchange resin. 

The amount of thorium i n  the yellow cake 

In this case the solvent 
It appears that  more of the 

The thorium concentra+don i n  the tailings solution varied 
from 9.5 to 22.4 x 10-5 Pc/ml. 
include a specification for  Th230 of 5 x 10-8 Pc/ml. 
tailings would be 1,900 t o  4,500 times the proposed specification. 
Neutralization, however, w i l l  precipitate essentially a l l  of the 
soluble thorium. 

The proposed changes t o  P a r t  20 
The above 

, .  

. .  

mdium and ThoriYm Co ntent fn U r a n i u m  Mill Tailims 

Duping the past year, samples of taii ings or tailings pond 
water have been taken a t  a number of uranium mills. 
have been analyzed for  radium i n  order t o  establish any trend in the 
radium level according t o  process and also to  s%My the effect of 
neutralization of acid m i l l  tails. 
been assayed for  thorium. 

These samples 

A few of the tailings have also 

The assays according to m i l l  p r x e s s  and pH are presented 
i n  Table 9. The level of radium concentration over P a r t  20 specifi- 
cations for  water released to  m e s t z i c t e d  areas is also shown, For 
thorium the proposed specification of 5 x 10-8 I.Lc/ml was used. 

The average radium level i n  mills 1Isi.rlg the acid leach-RIP 
process and where no neutralization of +he tailings i s  performed is  in 
the range of 6440 x 10-9 t+/ml or  1610 times P a r t  20 specifications. 
The average level i n  unneutzalized acid leach= mills was 5800 x 10-9 
k/ml or 1450 x MPC. 
f i l t r a t ion  process and a combination of acid and alkaline leaching 
contained a n  average radium level of sppz?oximat8ely 330 and 63 times the 
P a r t  20 specifications, respectively. 
recycle of tailings water, acidity, radium content of the ore, as well 
as the type of process w i l l  affect the rad im concen-bzation. 
very evident f r w  a few examples i n  Table 9 that neutralization of acid 
tailings reduces the radium level appreciably. 

Tailings frw mills using the alkaline leach- 

Many factcm, including dilution, 

It is 
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m 8'11 d Thorium Content in Uran im Mil l  TaQinPs 

Mill Process 

Acid-RIP 
(plus lime) 

Acid-RIP 
Acid-RIP 

Acid-RIP 
Acid-RIP 

Acid-RIP (plus lime) 

Acid-SX' 
Acid= (Raffinate) 

Acid= (Raffinate) 
(total tails) 

(raffinate plus lime) 
(total tails) 

Acid-SX 
Acid-SX 
Ac id-AlkalineSX 

(raffinate) 
(total tails) 

Acid-ALba1ine-S 
Acid-Alkaline-SX 

Acid-Alkaline-XX (Effluent ) 
(CCD tails) 
(CCD tails) 

Acid-IX Columns 
Acid-M  column^ 
Alka.-Filtration 
Alka.-Filtration 
Alka . -Filtration 
Alka.-Filtration 
Acid-RIP + Alka. Filtration 
Acid-RIP + Alka. Filtration 

Alkaline-RIP 
- AcidSX + Alka. Filtration 

1.9 
3.3 
1.8' 
2.0 
2.2 
7.7 
1.6 
2.5 
1.5 
1.6 
1.8 
1.7 
3.5 
2.8 
1.5 
1.7 
2.8 
1.1 
1.6 
6.9 
2.6 
2.8 
3.7 
7.2 
7.8 
1.9 
1.8 
9. Ef 
9.8 

10.2 
10.3 

7.1 
6.8 
6.7 
10.1 

8,870 2,240 
5 , 320 1 , 330 
5 , 300 1 , 330 
2 , 920 

'7,610 
323 

11,300 
2 , 630 
4,010 
11 , 300 

6,490 
5 , 300 

860 
1,860 
4 010 
1,890 

608 
8,110 
6,760 

447 
1,020 

878 
820 
366 
32 

81,600 
24,900 

17 
99 

4,910 
261 
440 
126 

88 
113 

730 
1,900 

81 
2 830 

660 
1,000 
2,830 
1 , 620 
1,330 

21 5 
470 

1,000 
470 
150 

2,030 
1,690 

110 
260 
220 
205 
92 
8 

20,400 
6,230 

4 
25 

1,230 
65 

110 
32 
22 
28 

I - 
5,810 

I 

I - 
14,700 

1 1 5  

15,000 
LI 

I 

I 

I 

I - 
0 

I 

I 

I 

13 
41 

524 
27 
64 
10 

47,700 
18,600 - 

I 

I 

3 
8 

105 
5 

1 3  
2 

9,540 
3,720 

- 
0.2 

I 
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APPENDIX B 

m0RIUM REMOVAL AS F UNCTION OF rIj 

. ;." 

After a reasonably accurate method fo r  +&e determination 
of thorium had been developed ( W I N - l l l ) ,  a study mas made of the 
effect  of neutralization on removal of thorium from uranium mill 
waste streams. 
was assayed and found to  contaii +&orium at a concentration of 
230,000 dpm per l i t e r  (1.04 x @c/ml). Several 250-ml samples 
of f i l t e red  feed solution mere ce t i t ruzed  +a various pH's with 
calcium hydroxide and fi l tered.  
was assayed for  thorium. The results cf these tes ts ,  presented in  
Table 10 indicate tha t  the soluble thor im i s  easily reduced t o  
proposed specification levels i n  acid m i l l  tai l ings by neutraliza- 
t ion t o  a pH of 5.0 or higher. 

A sample of acid tail ings effluent a t  a pH of 2.1 

A 25-ml portion of each f i l t r a t e  

rabls 10 

Effect of Neutralization OI! T1.c-nl:m fkrnaval fran Acid T a i l w s  

. .  
DH 
4.0 

3 Conzen$ration 
dDrr/!. 
8500 

r-Lc/ml 
4.01 x 10-6 

5.0 2400 1.13 x 10-6 

7.0 100 4.7 x 10-8 
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EFTECT OF PARTICIR SJZE ON RADIUMAD SORPTD 
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Barite was ground and then sized t o  give two fractions; 
the coarser material, -65/+100 mesh, and’the finer material, 
- 9 5 / + b O  mesh. 
conditions w i t h  an RLP mill tailing solution which, upon neutraliza- 
tion to  pH 7 with calcium hydroxide followed by f i l t ra t ion ,  assayed 
14,700 dpm of radium per liter (6,700 x 10-9 rC/ml). This solution 
was contacted separatelywith the two barite fractions a t  a barite 
concentration of one gram per l i t e r .  
ing. Contact times used were 5 minutes and 120 minutes. 
terr’nination of the selected time periods the saqples were removed 
from the r o l l s ,  the barite removed by f i l t ra t ion,  a23d the f i l t r a t e  
was.assayed for radium. 
assuming that a l l  the radium leaving the solution adsorbed on the 
barite. 

These barite fractions were contacted under identical 

Contact was performed by ro l l -  
A t  the 

Radium loading on the barite was calculated, 

A supplemental t e s t  was performed a t  approximately one 
tenth the radium concentration (about 1500 dpm per l i t e r )  t o  evaluate 
the effect of feed concentration. The results of the tes t s  are 
shown in Table ll and are shown in FTgure 5 ,  Section I. 

The per cent removal of radium from solution is  seen t o  
be greater for both the 5 and 120 minute batch contact tes t s  f o r  
the case of the finer mesh fraction ( - 2 5 / + b O  mesh) in comparison 
w i t h  the coarser fraction (-65/+100 mesh). The extended surface 
area-available with the finer fraction (ideally about four times 
that for the coarser fraction) undoubtedly accounts for  the i n i t i a l  
differences and, as the active s i t e s  for radium replacement are 
occqied the capacity fo r  radium is  increased slowly via isomorphous 
replacement as discussed i n  Section 111, A. 

Further information on the mechanism of radium removal 
was  obtained by extending the above tes t s  t o  longer contact times 
for periods t o  one week. 
a -65/+100 mesh and - 3 2 5 / + b O  mesh fraction. Tailings from acid-RIP 
mill operations were neutralized t o  pH 7.0 with Ca(OH)2 f i l tered and 
assayed giving a head assay of 1,340 dpm Ra/l (610 k / m l  x 10-9) 
The radium assay of the solutions af ter  contacting and the calculated 
radium loading on the barite are shown i n  Table 12 and Figure 14. 

Again barite was ground and sized t o  give 

, 
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Barite 
Mesh Size 

-65/+100 

-325/+4OO 

-65/+100 

-325/+4OO 

-65/+100 

-325/+4OO 

Table 11, 

e E f f  ect  of B m i t e  Particle Size on the Rate of Radium Ad somtiqn 

Radium i n  Head 
So~ut ion  (P c/mlxl 0-91 

6600 

6600 

6600 

6600 

660 

660 

Time of 
Contact 
0 

5 

5 

120 

120 

5 

5 

Ra i n  Liquid 
After Contact of Radium 

Per cent Removal 

(Clc/mlxlO-g 1 porn Solution ( 4 5 )  

3800 43 

900 07 ' 

190 97 

280 57 

39 94 
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Again the difference 
the two fractions is 

WIN-112 - 61 - 

i n  the i n i t i a l  ra te  of radium removal for  
apparent. 

The calculated radium loadings towards and a t  the 
end of the t e s t  series are i n  reasonably close agrement a t  
about 600 x 10-6 ric Ra/gm of barite as seen i n  Figure 14. 
is  interesting to  note that the final values of radium concen- 
tration in these batch contacting tes ts  are a t  P a r t  20 levels. 

It 

. .. 

. . , .  

. .  



-325/+400 MESH - u 6 0 0 b  + + 
584 x 10-6 p d g m  

I 

0 
-65/+100 MESH 

I 

9 400 
K 
Y 
0 

0 

FIGURE 14 The Effect of Barite Mesh Size on Rate of Radium Adsorption 
in Batch Contacting Systems 
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z h e Ef fec t o f Barite Mesh Size on Rate of R a d i u  Ad sowtion i n  Batch Contacting- 

Head Solution: 
Conditions: 

610 x, 10-9 Pc Ra/ml 
Head solution from acid RIP m i l l  effluent neutralized 
t o  pH 7.0 with Ca(OH)2 
Barite concentration 1 &liter solution, ground and sised 
from same feed 
Systems agitated by roll ing 

&al?rsSs of Radium i n  Solutio n A f t  er Contacb 
(Minutes) -65/+100 Mesh -325/+400 Mesh -65/+100 Mesh 

Galculated Ra d i m  Loading on Barite 
-325/+400 Mesh 

Contact Time 

575 x 10-6 Pc/g 

596 x Pc/g 

596 x 10-6 Pc/g 

598.x Pc/g 
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APPENDIX D 

{"T P OF NEUTRALIZED ACrD Ml&L EFFLUENX 

Percolation Bed Treatment 

I '  

I " 

I ' I .  

Following the mcouraging results obtained a t  the Winchester 
Laboratory with percolation of m i l l  tailings water  through a bed of 
re la t ively coarse barite,  a similar t e s t  on a larger scale was in i t ia ted  
a t  the G r a n d  Junction P i lo t  Plant. 
through a 2-inch diameter column containing 1065 grams of -65/+100 mesh 
barite a t  a flowrate of 110 ml/'min. , metered by a liquid reagent feeder. 
Based on a specific gravity of 2 and 40s voids, contact time was approxi- 
mately 2 minutes. 

Mill t a i l ings  water was passed 

The feed t o  the bar i te  column, as  shown i n  Figure 15, was 
through a 21-foot length of tubing to provide adequate hydraulic head 
pressure t o  balance the resistance of the barite bed as slimes b u i l t  
up. The bar i te  was supported i n  the 2-inch diameter glass column by 
a screen arxl a 1-inch layer of glass wool. 
from the neutralization tar& t o  a 55-gal dr;lm once a day. 
s h i f t  the water w a s  filtwed tkpough a buchner funnei and into the 
feed tank. 
measured every half  hour, Samples of the feed were takpen out of the 
feed drum d a i l y  and capos i ted  b t o  k-day head samples. 
effluent was sampled every half hour and combined in to  dai ly  composites. 
The l iquid head was  also measwed every half hour. 

Tailings water was pumped 
During day 

The flow r a t e  of the effluent leaving the column was 

The column 

The column w a s  put in+& operation on April 24 and the t e s t  
was c-ompleted on May 15. 
head required t o  maintain a flow ra3e of 110 ml/min, approached 21 feet .  
A layer of extremely f ine  orange-brcwn slimes had b u i l t  up on the top of 
and within the q p e r  half inch of the bar i te  bed. 
washing before the t e s t  mas s-karted were nct successful since classifica- 
t ion  of the bed would take place before the slimes could be flushed 
from the top of the bed. A system was  develsped.by which d a i l y  the 
top 1 - 1 l/2 inches of the bar i te  bed would be syphon& off. 
bar i te  could then be easi ly  washed f r ee  of slimes a f t e r  which it was 
replaced i n  the column. 
of the bed it w a s  possible t o  operate the column almost continuously 
and down-time during 21 days of operation was only 4%. 
improved clar i f icat ion and se t t l ing  steps for  the head solution are 
prerequisites t o  future successful. column operation. 

After the first day of operation the l iquid 

Attempts a t  back- 

The 

By means of d a i l y  slime removal from the top 

Unquestionably, 



WIN-112 .-.a - 

. .  

. .  

. .  
: ;  

Daily operating date for  t h i s  t e s t  are shown in  Table 13. 
Table 14 shows radium assays on the feed and effluent samples and 
barite consumption. The head and effluent radium assays are plotted 
in Figure 16. 
put through the bed of barite, equivalant t o  a barite consumption of 
0.5 g/l, the effluent averaged 8.3 dpm Ra/l (3.7 x 10-9 Pc/ml) which 
is below P a r t  20 specifications. After 3209 liters had passed through 
the c o l m  the barite consumption was 0.33 g/l and the average effluent 
assay was (13.2) d p d l  (5.9 x 10-9 Pc/ml) . Average radium decontamina- 
tion for the entire t e s t  was 98.55. 

The l a s t  column i n  Table 13 shows the rate  of increase of 
head pressure as the column operation progressed. 
of pressure required t o  maintain the flow of 110 a/hr increased on 
the average 0.80 f t  of water per hour. 
inches of water per l i t e r  passed through the column. 
build-up per day was 18.4 fee t  of water head a t  which time the slimes 
were removed. 

Up t o  the time that approximately 2000 liters had been 

The s t a t i c  head 

This is equivalent t o  1.44 
The average 
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Table13 

berat;bng Datq 

Pmcol ation Bed Tr eatme& 

Time T o t a l  Accum. 
Operated Avg Flow Flow Misc a/ Flow Flow 

Period Min . 
3:30 p.m. 4/24 - lO:3O a.m. 4/25 1140 

U:30 a.m. 4/25 - 9:30 a.m. 4/26 1290 
II 4/27 - II 4/28 1420 
0 n 4/28 - II 4/29 1431 
II 4/29 - I1 . 4/30 1390 
I t  'I 4/30 - I1 5/l 1402 
II 511 - II 5/2 1423 

n 514 1424 
I' 5/5 1427 
It 5/7 1418 

II @I 5/8 1181 
I' 5/9 1391 

9:30 4/26 - 9 ~ 3 0  ' 8  4/27 1425 

II 18 5/2 - ' 11 5/3 1420 
5/3 - 

I t  11 5/4 - 
5/5 - 

0 . ti 5/6 - 
'I8 5/7 - 

II 11 5/a - 
11 5/'9 - I1 5/10 1422 

I1 'I 5/10 - 11 5/11 1398 

I 1  

II 

I t  

II 

5/6 1417 It 

II 

I1 

II 

II I' 5/11 - II I' 5/12 1380 
11 It 5/l2 - II 5/13 1424 

(I 5/14 1425 
'I 5/15 1397 

II 

I1 

'I 5/13 - 
I1 It 5/14 - 
11 

108.8 
110.0 
109.8 
109.9 
111.1 
110.3 
108.8 
110.6 
110.4 
110.3 
110.4 
110.5 
110.9 
u0.8 
109.8 
109.9 
109.2 
109.8 
109.1 
110.9 
110.4 

124.0 
141.9 
156.5 
156.1 
159 0 
153-3 1r'5 1 7 . 4  
156.8 

i57.5 
156.6 

157 - 1 

157 - 3 
130 9 
152 - 7 
156.3 
152 7 
151.5 
155.4 
158.0 
154.2 

6.0 
1.0 
0.5 
1.0 
0.1 
0.1 
0.4 
0.3 
0.1 
0 
0 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
1.0 

130.0 
142.9 
157-0 
157- 1 
159-1 

152.9 
157 7 
156.9 
157 1 
157.5 
156.7 
157.4 
131.0 

153.4 

152.8 
156.4 
152.8 
151.6 
155-5 
158.1 
155.2 

130.0 
272 9 
429.9 
587.0 
746.1 

1052.4 
1210.1 
1367.0 
1524.1 
1681.6 
1838.3 
1995 7 
2126.7 
2279.5 
2435.9 
2588.7 
2740.3 , 

2895.0 
3053.9 

899.5 

3209.1 

Rate of 
Head Pressure 

Increase 
Ft/Hr 

0.76 
0.70 
0.64 
0.35 

' 0.78 . 
0.93 
1.08 
0.46 
0.61 
0.91 
0.68 
0.64 
0.68 
1.01 , 

0.83 

1.30 

0.79 

0.92 

1.18 

0.83 
0.77 : 

0.80 
I 

1/ Flow through bed during cleanup of slimes 
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colation Bed Tr eatment 

Barite: 1065 grams 

Wt. Bed Reri te - -  nlr c':Z!lpu t Ra i n  Feed Liters Through 
d p d l  JAC x lO-g/ml Column d p d l  pc x 10'9/ml a 

130.0 
272 9 
429 9 
587 0 

7 3 
4 2 

8.19 
3.90 
2.48 
1.81 

6 3 
0 0 

1.43 
1.18 
1.01 
0.880 

746.1 3 1 
899.5 ll 5 

1052.4 4 2 
1210.1 6 3 

970 437 . .  

.. .. 1367.0 11 
11 
1 

16 

5 
5 
0.5 
7 

0.779 
0.699 
0.633 
0.579 

307 1524.1 
1681.6 682 
1838.3 . .  

0.534 
0.501 
0.467 
0.437 

1 9 5  7 
2126.7 
2279 5 
2435 9 

314 
21 
15 
26 
21, 

9 
7 

12 
9 

0.411 

0.368 
0.389 

0.349 

2588.7 
2740 3 

345 2895 . 8 
3053 9 

10 
26 
25 
20 

5 
l2 
11 
9 

I .  766 

3209 . 1 33 0.332 

384 (5.9) 

1/ S t a r t i n g  head sample 
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Liters through Bed 
Figure 16 
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padium in Head and Effluenf, 
percolation Bed Treatment 

Liters through Bed 
Figure 16 

padium in Head and Effluenf, 
percolation Bed Treatment 
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PLANT TEST OF COPPERAS AND BARED2 TREA TMENT OF AN ALKALINE 
,LEACH MILL T A I L E  

On February 19, 1959, a continuous t a i l  water treatment 
t e s t  t o  study removal of radium was started a t  the Monticello mill. 
Previous t e s t  work a t  the Monticello mill has been reported i n  
WIN-l l&.  
section. 
consists of three 12 x 14  f t  tanks  each W i t h  an operating capacity 
of approximately 10,000 gallons. The f i r s t  and t h i rd  tanks are 
used as set t lers  &.the second tank as an agitator. The circui t  
is designed for  two-stage treatment. 
in the first stage t o  flocculate the fine slimes i n  the tailings 
water and further r&val of radium i s  accamplished i n  the second 
stage by the addition of barite. The copperas solution is  mixed 
w i t h  the t a i l  water i n  a 55-gallon drurn nearly submerged i n  the 
first set t ler .  

All of the t e s t  work is summarized a t  the end of t h i s  
The equipment, a flowsheet of which is given in Figure 17, 

Copperas (FeS04.7H20) i s  added 

Firmre 37 

Uwsheet f o r  FeSOJ, and B aSO), Treatment oT. 
t icel lo  M i l l  T a i l  Pond Wa+,ey 
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T a i l  pond watw from the alkaline-RIP process, uninten- 
t ionally diluted w i t h  w e l l  wafer, was the feed t o  the . 
process. Tne flow of the f e d  was controlled a t  25 gpm 
which amounts t o  about 10 per cent of the t a i l  pond aver- 
flow, Copperas was added a t  a r a t e  of 0.1 g/l i n  the 
form of a 90 g/l  solution. 
about 2 minutes. 
Residence time i n  each tank was apprdmate ly  6.5 hours, 
which is longer than required but dettrmined by the 
available equipment. Results of the two-stage treatment 
test are shown i n  Table 15. 

Mixing time i n  the drum mas 
Barite addition was controlled a t  1 g/l. 

. 

The radium cantent of t a i l  pond water averaged 
257 dpm/l (116 x 10-9 Pc/ml) over the t e s t  and dilution 
by well water resulted i n  a feed to  the t e s t  c i rcu i t  which 
averaged 163 dpn/l (73 x 10-9 +c/rnl) 
copperas treatment removed 65% of the radium. 
treatment removed 18$ more of the radium fo r  a t o t a l  re- 
moval i n  both stages of 83$. 
of the treated water from the second stage s e t t l e r  over- 
flow was 28 dpm/l (13 x io-9 Fc/ml). 
is only 3 times P a r t  20 specifications canpared t o  the 
.feed which was 19 times the specifications. Laboratory 
t e s t s  using the same r e a g a t  q m $ i t i e s  have indicated a 
higher decontaminatian r a t i o  wher the radium content 
of the t a i l i s  water is hignez. 

The f irst  stage 
The bar i te  

The average radium assay 

This radium content 

Reagent cons-mtiors  during the test were 
equivalent t o  0.2 13 copperas a d  2 Ib bari te  per ton of 
ta i l ings solution. 
ments have indicated 3.5 tors  of t a i l  pord overflow per 
ton of ore, t o t a l  reagent cGwap5,lon would be 0.7 l b  
copperas and 7 l b  b e l %  per $32 of me. 

A t  the Mon5icello Mi51 whee measure- 



atment Test3 - -%ice- 1 

February 23 - April 2, 1959 

. . .  

Radium. d m d l  
Tail Water Tail Water 1st Stage 2nd Stage Pesiaa Feed OtFJ 0 I Flaw 

3/16 4 3/20 261 

3/23 - 3/29 285 

3/30 - 4/2 
165 

173 

163 
73 

36 12 

38 26 

40 34 

57 
26 

Radium removed ia first stage: 
Radium removed F.1 two stages: 

655 
83% 

16 

30 

u 

28 
13 
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Copperas 
0.1 g/l 

Tail Vater 
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On April 9 ,  1959, the tail mter treatment t e s t  

A portion of the alkaline - RIP t a i l  pond overflow was 

circuit  a t  the Monticello m i l l  was changed from a two-stage 
copperas and barite trea+s3ent t o  two stages of copperas treat-  
ment. 
returned to  the mill and fed to  the circuit  a t  a flow ra te  
of 25 gpm. In the flowsneet, shown i n  Figure 18, 0.1 gram 
FeSO40i'H2O per l i t e r  of feed is  added t o  the first stage and 
after sett l ing of slimes, the same amount i s  added t o  the 
second stage, 
stage copperas trea'cment axe shown i n  Table 16. 

Results of four weeks1 operation of the P o -  

I +- I 
I I 

Flowsheet f o r  TvioSt.aEe Cormeras eea+aen+, of 
a n t i c e l l o  M i l l  Aikaline RIP % i 3  Jater 
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$xnnar~  .of Results 
oStane  Comeras Treatmen'; Tests on, 

MQnticello M i l l  A lkaline RIP Tail  Water 

April 9 - May 10, i959 

Radium, dpm/l 
Tail Water' Tail Water 1st Stage 2nd Stage 

Period R e t u z  Feed O'flow 0 'flow 

4/9 - 4/19 171 162 
4/20. 4/26 304 210 
4/27- 5/3 263 244 
5/4 - 5/10 305 25 6 

32 
52 
61 
51 

49 
22 

25 
21 

33 
21 

25 
11 

Radium removed in  first stage: 
Radium removed i n  two stages: 

78% 
89$ 

Of  the radium contained in  t h o ,  feed t o  the c i r cu i t  (218 dpm/l 
or 9.8 x 
of treatment azld 89% in both stages. 
25 d p d i  (1.1 x 10-6 +c/ml). 

&/ILL), an average of 78$ was removed i n  the first stage 
The %Teated t a i l  water assayed 

The r e s d t s  of the two-stage copperas treatment were same- 
w h a t  better than the copperas - b e i t z  +xeatment reported in the pre- 
vious section and r e f l ec t  a considerable savings in  reagent cost. 
Copperas consumption mould be 0.4 lb/ton solution and 1.4 lb/ton ore 
where the pond overflow averages 3.5 tons of solution per ton of ore. 
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The t e s t  j u s t  reported indicated eff ic ient  radium de- 
contamination from alkaline RIP t a i l ings  using a two-stage t reat-  
ment in which 0.1 gram of copperas per l i t e r  of t a i l  water was 
added t o  each stage. 
to  June 19, when 002  and 0.1 g/l  of sspperas were added t o  the 
first and second stages,  resgecsivsly. 
was (1) t o  see i f  0.2 g/l  added in m e  stage approached the effec- 
tiveness of the same amourit added i n  t w o  s$ages md (2) t o  deter- 
mine what increase 2n over-all dez.or_t;adnat3im efflslency would 
be achieved by doubling the copperas aedi+,ian t o  the first stage. 

The same equipment and flowsheet (Figure 18) were used. 
A 90 g/l  copperas solution was metered inso the  mixing dxm of 
the first stage a t  a r a t e  of 0.2 g ccqpsras per E t e z  of t a i l  
water and half t h i s  amount, o r  0.1 g/i,  was added 30 the second 
stage. Tail  water feed was a g a h  co~+;rPoiied a t  25 gpm. 
are shown i n  Table lTO 

A new t e s t  was run ovez +he period of May 13 

The p ~ ~ o s e  of the t e s t  

Results 

The feed t o  the t e s t  c i rcu i t ,  a t  a pH of 9.7, had an 
average radium content of 223 dpm/l (100 x lC-9 )Lc/ml) e 

and second stage overflows averaged 52 dpm k/l (23 x 10-9 *c/ml) 
and 28 dpm R a / l  (13 x 10-9 P c / d ) ,  respec*v?ly. 
averaged 7746 i n  the f i r s t  stag$ and 87% after.  bmh s a g e s  of t rea t -  
ment. 

The first 

Ra6ium removal 

The pH of the treated water was 9.6. 

There was considsrable varLat,ior, l a  radium assays during 
the various periods of operseoo, largely dLe t o  chazes  in +he 
radium content i n  the feed t o  +A2 eLWcdt* HmcGver, other than 
fo r  the l a s t  5-day period, d u r k g  w2i3h ths j~+,a. I  &contamination 
was 81$, the per cent dszccr,tam%stian s=mir,e2 viry consistant a t  
between 88 and 91% over the .Pir~c$ 33 days of speration. 

During the pr?v'-ous apzszion when 0.; g cDpperas/l was 
added t o  each stage, the radium in  TA-G fss-l, f i r s t  &age overflow, 
and second stage overfl3w was 218, k9, and 25 d p d l  (98, 22, and 
11 x 10-9 Pc/ml). 
stage and 89% a f t e r  both s+&gos. 
t ion to  the f i r s t  stage in the Tcors r??ent tsst, had no effect  on 
the radium decontamhatioc. 
almost identical. Evidently ths 0.1 g cDpperas/l was a n  adequate 
quantity fo r  flocculation of the slimes md radium reinoval. 

Decontaminat.ior? amomted TO 78% Fn the first 
E~Ls, 6mbLbg the 2opperas addi- 

Avs-ags rssuix f r m  +de two t e s t s  were 
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T a b l e 7  
VI 

o-stane Comeras T r e a m t  T est8 04 

o MI1 Alkaline RIP Watex 

k y  13 - June 19, 1959 
y'ost Q 

0.2 g/l (1st Stage) 0,1 g/l  (2nd Stage) 

2- 
5/13 - 5/17 . 

5/18 - 5/24 

5(25 - 5/31 

6/1 - 6/6 

6/0 - 6/14 

6/15 - 6/19 

Average 

Decontamination 

368 

302 

285 

350 

463 

505 

379 
- 

1.66 

136 

128 

158 

209 

227 

171 

I;'eed to Circuit, 
Ra 

& pcx1.0-9/m3, 

171 

247 

77 

111 

128 58 

170 77 a 

294 132 

329 148 

223 100 

-_ 1st Stage O'flow 

18 8 

20 13 

68 30 

71 32 

52 23 

779 

20 9 

23 10 ' 

15 7 

17 0 

34 15 

61 27 

28 13 

87$ 
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v of Monticello T a i l  Wa+,er ‘Tkstnent Tests; October 1958 - 
June 1959 

The Monticello mill tail water treatment c i r cu i t  was 
operated i n  the period October 1958 to. June 1959 t o  evaluate 
radioactive decontamination methods which were developed a t  
the Winchester Laboratory f o r  treatment of alhaline m i l l  tail- 
ings. Essentially four different combinations of reagents 
were tested including one minor i’lowsheet change. 

Results of f i ve  t e s t  periods of operation are 
summarized i n  Table 18. 
f irst  period included a pH adjustment of the tailings’ water 
from 10.3 t o  8.4 w i t h  sulfur ic  acid followed by two stages of 
bar i te  treatment. A t  the time, the t a i l  pond water contained 
more radium than during the other periods of t e s t  work. How- 
ever, decontamination of radium w&s very effective; 96$ of the 
radiumwas removed. Reagen3 costs f o r  these operating condi- 
tions are estimated a t  16.9#/t0n of solution (5.49 f o r  acid 
and 11.5$ for  bar i te)  or 59#/ton of ore, the l a t t e r  f igure 
based on an average figure a t  Monticello of 3.5 tons of solution 
overf lowing the pond per ton of ore processed. 

Operating conditions during the 

In the second t e s t ,  only  7 days in length, the pH 
adjustment was eliminated a.ld +he f i r s t  stage of bar i te  t reat-  
m e n t  was changed t o  a copperas (FeSOk-7HzO) +xeatment f o r  
flocculation of the fine slines bhe2;en-t i n  most ta i l ings  pond 
overflows. 
treatment during t h i s  t e s t .  Tota l  decontamination was as 
effective as in +he f irst  t e s t  wi+h only one-third the reagent 
eost  . 

Two se t t l ing  tanks were in use Ln the first stage 
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x%ble 73 
Sunmary- of Results 

m i c e l l o  I d i l l  T a i l i w  s Treutment Circuit 

5 1 2 . 3 .  4 

:-O/12-iO/31,1958 12/16-12/22 9 1958 - 
1st Stage 1.92 ~ 2 ~ 0 4  l/ 0.1 Copperas iiv 

1.2 Barite 
0.1 Copperas 3/ O.1,Copperas 0.2 Copperas 

1.1 Barite 1.0 Barite 1.0 Barite 0.1 Copperas 0.1 Copperas 2nd Stage 

mdium Assass 
Feed t o  c i rcui t  

d P d 1  
csc x 10-9/ml 

d P d 1  

d P d l  
csc x 10-9/ml 

After 1st Stage 

k x 10-9/ml 
After 2nd Stage 

Decontarnina tion, 
After 1st Stage 
After both Stages 

412 
186 

146 
66 

163 
73 

218 
98 

223 
100 

22 
10 

16 
7 

49 
22 

52 
23 

57 
26 

16 
7 

4 
2 -  

28 
13 

. 77 
437 

28 
13 

25 
11 

89 
97 

95 
96 

Estimated Reatrent Co s t  !d 
#/ton sol'n 16.9 5.6 
d/ton o r a  59 20 

5.6 
20 

. . l , O  
3.5 

1.5 
* 5  

pH adjustment from 10.3 t o  8.4 
Two sett l ing stages af ter  copperas addition 
One sett l ing stage af ter  copperas addition, different barite 
Based on prices of $28/ton H2SO4, $62/ton copperas, $fjO/ton barite 
Based on 3.5 tons solution/ton ore, pond overflow r a t e  a t  Monticello 
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Test 3 
but over a much 
f irst  stage was 
than i n  Test 2. 
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was run a t  essen5al ly  the same coneitions as Test 2 
loriger period. 
e?.iated and a somewhat different  bar i te  was used 

The differ-  

Ore of the se t t l ing  tanks i n  the 

To-bal radium desontmiaation was 83%. 
ences in the resul ts  of Tests 2 and 3 me probably only pa r t i a l ly  
explained by the two &or changes nentioned above. 
of operation during Test 2 with mors samples t o  average, no doubt, 
accounts fo r  par t  of the differeme. 
ing Test 3 showed 90 and 915 dezontamhation. 

The longer period 

-30 of the weekly samples d w -  

Because of the effectiveness of radixn removal using copperas 
and a f t e r  laboratory t e s t s  showed an advantage of two-stage copperas 
addition, Test 4 was made during which 0.1 g copperas/l was added i n  
each stage. 
reagent cost of l$/tcn solution or  3.5$/to,n, of ore. 

A t o t a l  of 89% of +he radiunl was rsmoved a t  an estimated 

The f i f t h  t e s t ,  similar t o  Test 4 except that the copperas 
dosage t o  the first stage mas doubled, gave essentially the same 
resul ts  as Test 4. 

In summary, den,ontamha%ion of radium fram alkaline mill 
tailings can be accomplished using pH ad.jmtment followed by two 
stages of bar i te  treatment. 
be i n  the range of 17#/tori solction. 
should remove approximately 99% ~f the radium is  a two-stage t reat-  
m e n t  using copperas and barite.  
be about 6$ per ton of solution. 
be removed by two-stage copperas +zeamiec% whish will only  cost 
about 24/ton of solution. 

REsgen5 costs fo r  +&&i treatment w i l l  
h al3ena7;e method which 

Xeagen5 costs i n  t h i s  case would 
P r m  80 to 93% of the radium can 
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BpPENDrX F 

GENERALIZED PHESENTATION OF RADIUM -221 AND RADIUM-226 CON CENTRATION 
MILL EFFLUENTS AND THE EFFECT 0 F TREATMEN T METHODS 

On reviewing the information availa3le on radium content 
of m i l l  effluents and now t h i s  varies with the type of ell process 
and effluent treatment techniques, i t  appeared that a useful generalized 
picture could be developed to show t h i s  radium-226 concentration, and 
what the to t a l  radium would be under certain selected circumstances. 

This generalized picture is presented i n  Figure 19, 20, 21 
and 22, a.nd for reference purposes the P a r t  20 mximum permissible 
l i m i t  of 4 x 10-9 microcuries/ml for  radium-226 have been indicated.. 
Tables 19 and 20 present the values plotted and also s ta te  the condi- 
tions used fo r  the various cases. These conditions are typical of 
general conditions i n  the uranium milling industry as found by Win- 
chester Laboratory analyses. 

. 

The particular cases selected t o  give the broadest picture 
of m i l l  effluents and treatment for  radium-226 removal were: 

Case A: Treatment of Acid P lan t  Effluent w i t h  Barite 

Case B: Treatment of Acid P lan t  Effluent by Neutralization 
t o  pH 7.0 

Case C: Treatment of Acid Plant Effluent by Neutralization 
Followed by Barite Treaihent 

Case D: Treatment of Alkaline Plant Effluent w i t h  Copperas 
Followed by Berite 

Each case has been analyzed to  show the radium-226, radium-223 
and t o t a l  radium a t  impor+,ant stages i n  mili processing and effluent 
treatment and, where time delay between treatment and a-alysis i s  important, 
several time delay conditions ara also shown. 
generalized picture is  Limited to  obserxkg trends i n  radium concentra- 
t ions rather than t o  specific values. 

Study arld analysis of. the 



- . .  

DWC. 30 - 60 
Generalized Presentation of Radium-223 and Radium-226 Concentrations in Mill Effluents 

LEGEND: 
RO - 226 r-1 

& 
TOTAL 

RADIUM ISOTOPIC CONCENTRATION (Micrccuries/ml. X1 0,') 
10 1 00 1000 10,000 100,000 1 ,ooo,oO0 

WITH 30 DAY DELAY IN ANALYSIS 

ITH 120 DAY DELAY IN ANALYSIS 

I 
I I I 1 

10 100 1000 10,000 100,000 1,ooo,oO0 
RADIUM ISOTOPIC CONCENTRATION (Micrauries/rnl. X1 O-') 

FIGURE 19 Case A. Treatment of Acid Plant Effluents with Barite 
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LEGEND: 
RO - 226 
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DWC. 31 - 60 
Generalized Presentation of Radium -223 and Radium-226 Concentrations i n  M i  I I  Eff luents.  ' 

RADIUM !SOTOPIC CONCENTRATION (Microcuries/ml. X I  0-9) 
10 100 1,000 10,000 100,000 1,000,000 

ALlZATlON TO pH 7.0, IMMEDIATE ANALYSIS 

DELAY IN ANALYSIS 

I 
I I + 10 100 1,000 10,000 100,000 1,000,000 

PART 20 RADIUM ISOTOPIC CONCENTRATION (Micrauries/ml. X10-9) 

FIGURE 20 Case B. Treatment of Acid Plant Effluents by Neutralization 
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DWG. 32 - 60 
Generalized Presentation of Radium-223 and Radium-226 Concentrations in Mill Effluents . 

RADIUM ISOTOPIC CONCENTRATION (Microcuries/ml. Xl O-9) 
10 100 1,000 10,000 100,000 1,000,000 

I I I I , 

I 

TRALIZATION TO pH 7.0 

EFFLUENT AFTER BARITE TREATMENT, IMMEDIATE ANALYSIS 

10 DAY DELAY IN  ANALYSIS 

4. e. NEUTRALIZED E F F L U E N T  AFTER BARITE TREATMENT, 
60 DAY DELAY IN ANALYSIS 

LEGEND: 
RO - 226 

FIGURE 21 Case C. Treatment of Acid Plant Effluent by Neutralization and with Barite 



DWC. 33 - 60 

I : .  

LEGEND: 

TOTAL 

Generalized Presentation of Radium-223 and Radium-226 Concentrations in Mill Effluents 
RADIUM ISOTOPIC CONCENTRATION (Microcuries/ml XlO-9) 

1.0 100 1,000 10,000 100,000 1,000,000 

11. DIGEST LIQUOR WITH SOLIDS 

AFTER COPPERAS TREATMENT AND SETTLING 

4. COPPERAS TREATED EFFLUENT AFTER BARIVE TREATMENT b 

1 I I + 10 100 1,000 10,000 100,000 1,000,000 
PART 20 RADIUM ISOTOPIC CONCENTRATION (Microcuries/ml Xl O-9) 

FIGURE 22 Case'D. Alkaline Plant Effluent Treated with Copperas and Barite 



In Case A, llh.eatment of Acid P l a n t  Effluents with Barite", 
the general condition of the excessive radium content of clear, un- 
treated plant effluent i s  clear (Plot No. 2 )  as well as the high 
activity that is associated w i t h  the solids (Plot No. 1). The Plot 
No. 3 series of Figure 19 shows that the radium-226 is not adequately 
removed from acidic solution by reasonable amounts of barite, leaving 
some 88 x 10-9 microcuries per ml in solution. T h e  delay from barite 
tmsatnent t o  radium analysis i s  seen to  be an important factor in i ts  
effect on the radium-223 concentration i n  t h i s  system (Figure 19, Plot 
3b, c ,  d, e and f ) .  
(radium-223 and radium-226) are also sensitive t o  t h i s  time delay 
and that radium-223 activity represents a potentially serious inter- 
f erense with radium-226 analysis 

NerltralizationIt (Figure 20) . An apprecfable reduction in radium-226 
(and ~adium-223) activity is obtained w i t h  neutpalization, but it is  
not sLfficient t o  meet P a r t  20 levels. 
interference i s  considerably less severe and for  practical  purposes 
could be disregarded . 

It i s  apparent that t o t a l  radium analyses 

Case B considers IITreatment of Acid Plant Effluent by 

In t h i s  ease radium-223 

Case C is a combination, lfTrea-&nent of Acid P lan t  Effluent 
by Neutralization and w i t h  Barite" (Figure 21). 
technique, brings radium-226 levels down t o  the general level speci- 
fied by P a r t  20. 
may be disregarded in reporting to ta l  racium as being approximately 
all radium-226. 

This treatment 

Again the radium-223 interference is not severe and 

Case D, IIAlkaline P l a n t  Effluent Treated w i t h  Copperas and 
Baritell (Figure 22)9 clearly shows the appreciably different performance 
of radium in  an alkaline system in comparison with Cases A, B and C f o r  
an acid system. In particular, the lower solubili+,y of radium i n  the 
various m i l l  processes leaves considerably less soluble radium in the 
clear p l an t  effluent. Copperas treatment and 8 barite c leanq step 
remove residual radium-226 so that it is well within P a r t  20. Again, 
there is no appreciable error ~ J J  rsporting to t a l  radium activity as 
radium-226. 
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eralized Presentatior- of Radim-227 and ~adi~m-226 Concentrations 
i n  M i l l  Effluents - . .  

&id  Mill Effluents 

Conditions: 
0.25s 1.~308 ore in secular equilibrium, containing no natural thorium 
Ore digested in concatrat ion of 250 @/l i t e r  of acid 
5$ of t o t a l  radium solubilized b digestion 
5O$ of t o t a l  thorium solubilized i n  digestion 
Barite treatment alone removes 99s of soluble radium 
Neutralization t o  pH 7.0 removes go$ of soluble radium and 

Combined neutralization and bar i te  treatnent removes 99.9% of 
a l l  of the soluble thorium 

soluble radium and a l l  soluble thorium 

Case A: T r  eatment o f  Acid P1 ant Effluent with B a r  i t e  

Calculated Concentrations of Radium IsotoDes 
(*/ml x 10-9) 

&-226 Ba-223 pa-226 and Ra-223 
Total 

1. Digest liquor with solids 177 , 000 8,000 
2. Clear plant effluent, no solids 8,850 400 

a. Immediate analysis 88 4.0 
230 b. 1 day delay i n  analysis 11 

I1 II 11 1,528 C. 10 II 

1,715 d .  30 I t  I1 11 

e. 60 11 I1 11 II II 824 
f .  120 It II II 11 11 108 

3. Clear effluent a f t e r  bar i te  treatment 

11 

# 

Case B: T r  eatment of A cid Plant Effluent bs Neutralizatioq 

1. Digest liquor v i tn  so l id s  177 , 000 8,000 
2. Clear plant effluent, no solids 8,850 400 

a. m e d i a t e  Analysis 885 40 
38 b. 1 day delay in  analysis II 

II 2 l  c. 10 I 1  I1  

11 6 d. 30 II I 1  

0.9 e. 60 11 I t  I1  11 

f .  120 I 1  11 11 I 1  0.02 

3. Clear effluent a f te r  neutralization t o  pH 7.0 

11 

I t  

II 

185,000 
9,200 

92 
318 

1,616 
1,803 
912 
196 

185,000 
9,200 

925 
923 
906 
891 
886 
885 

Case C: Tr ea m t  of A cid Plant E f f l  uent bv Neutral izat ion and with Barite 

1. Digest liquor w i t h  solids 177,000 
2. Clear plant effluent, no solids 8,850 
3. Clear effluent a f t e r  neut. t o  pH 7.0 885 

a. Immediate analysis 9 
b. 1 day delay i n  analysis 11 

C. 10 11 ' _  11 II II I 1  

d; 30 II t I  11 I1  

e. 60 11 11 11 I t  11 

f .  I20 It II I1 11 II 

4. Neutralized effluent a f t e r  bar i te  treatment 

8,000 
400 
40 

0.4 
0.4 
0.2 
0.06 
0.009 
0.0002 

185,000 
9,200 
925 

9.4 
9.4 
9.2 
9.1 
9.0 
9.0 
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Bneralized Presentation of Radium-227 and Radium-226 Concentrations 
i n  M i l l  Effluen3s 

u a l i n e  Plan+, Effluents 

Conditions : 
O.25O$ U308 ore in secular equilibrium, containing no natural  

thorium 
Digesting conditions - 250 gms ore per l i t e r  alkaline effluent 
Effluent from plant carr ies  0.1% of radium i n  ore i n  soluble form 
No thorium solubilized by digestion 
Copperas treatment removes 904 of radium 
Barite treatment designed t o  remove 90% of residual radium 

Case D: Al kaline P l a n t  E f f l  uent Treated with Comeras and Barite 

Solution or Slurry System 

1. Digest liquor with solids 
2. 
3. Clear effluent a f t e r  cusperas 

treatment and se t t l ing  
4. Copperas treated effluent 

a f t e r  bar i te  treatment 

Clear plant effluent, no solids 

Calculated Concentrations of Radium IsotoDes 
(PC/ml x 10-9) 

Total 
~a-226 Ra-223 ~a-226 and Ra-223 

177,000 
177 

17.7 

8,000 
8 

0.8 

185, ooo 
185 

18.5 

1.8 0.08 1 - 9  
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P. APPENDIX U 

On the basis of Hanford wsrk on +As inzlusioI? of various 
radioisotopes i n  crystal  l a t t i ce s ,  % b e e  scoping experiments were 
performed : 

1. Preparation of insoluble basic calcium phosphate 
w i t h  an apat i te  la+,-lice Sy r2=sting phosphate ion 
w i t h  calcium carbonste in an alkaline ta i l ings  
solution bearing radium, 

An alkaline ta i l ings  solution v & t h  radium added t o  a leve l  
of 2,910 d p d l  vas treated w i t h  19.0 gm of Na3P04-12H20 per l i t e r  
followed by 8.3 gn of calcium carbonate per l i t e r .  
s t i r r ing ,  and f i l t e r ing ,  the radium remainirg i n  solution amounted 
t o  91.5 dpm/l of treated solution. The r5agent consumption is ex- 
tremely unattractive, in the order of $5 t o  $25 per ton of ore 
processed, and since the decoritaminatim was incornplate this approach 
was stopped. 

After an hour's 

2.  Formation of calcium fiuarlde by adding sodium 
fluoride t o  rn acidic dll effi'lent solu-t,ion, 
thereby reacting w i t h  cakium natilrslly present, 
and adding calcium sulfate 30 increase the precipi- 
ta t ion of calcium fluoride. 

A radium-bearing . m i l l  et"fiIiW,+, assaybig 5,850 dpm Ra/l a t  
a pH of 1.8 vias treated vi* 2.1 g / l i t s  of I+@, mkirg the solution 
0.0% i n  fluoride. After f i l t r s t i o n  of t.he calsium fluoride formed, 
the solution was found t o  have a radium a c t i d t y  of 555 dpndl. 
tion of 4.3 gms/liter of CaS0~*E20,  s t l ry i r ,g  for one hour and then 
f i l t e r ing  reduced the radium a c 3 - v i t y  50 171 dpm Ra/l. Reagent and 
consumption a t  same $2 - 5/ton of 3re processes i s  unattractive and 
w i t h  incomplete radium removal studies on ties teshnique were terminated. 

Addi- 

3. Modification of and, t o  sone extent, a check on t e s t  2 
by neutralizing acid ta i l ings  with lime followed by 
fluoride addition t o  convert the calcium sulfate  t o  
calcium fluoride, 
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Effluent ta i l ings  from a n  acid, resh-in-pulp milling 
operation mere neutralized vdth calcium hydroxide t o  pH 7.0, 
f i l t e red  and found t o  contain 1,000 dpm Ra/ l .  
solution was added dropwise t o  a concatra5ion of 0.8 g.lq/liter of 
the f i l t r a t e  and the solution gently stirred fo r  15 minutes. 
f i l t r a t i o n  of the calcium fluoride the radian conten5 of the f i l -  
t r a t e  was found t o  be 420 dpm/l. Reagent consumption f o r  this 
method is indicated t o  ~e in the o r d e  of $lo2 per ton of ore pro- 
cessed; however, since the radium decontamination m s  f a r  from 
satisfactory no further work v d t h  t h i s  system was undertaken. 

tions by inclusion in crystal  l a t t i c e s  of precipitates formed i n  
the solutions was clear ly  demonstrated in a l l  of the above tes t s .  
However, none of the precipi ta te  systems tested,  under the t e s t  
conditions, gave satisfactory radium decontamination. 
costs are indicated t o  be excessive and, accordingly, work on 
these particular systems was discontinued. 

A sodium fluoride 

After 

The principle of radium removal from mill effluent solu- 

Reagent 
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EFFE CT OF ORGANIC MATERIAL IN h4IU EF'FLUEN TS ON BAFUTE 
P E R F O W C E  AND 0 N RADIUM s s  

Organic material may be found in  m i l l  effluents i f  a 
solvent extraction process was used in the uranium milling opera- 
t ion or  i f  organic material was present in  the original ore feed. 
In l igh t  of the possibi l i ty  tha t  such organic material might 
reduce the effectiveness of the bar i te  adsorption by coating i ts  
surface or might interfere  w i t h  the radium analyses of the efflu- 
ents, a t e s t  program of two par ts  mas planned. The first was f o r  
the effect  of organic material that would probably be present i n  
effluents fran solvent extraction plants and the second f o r  the 
effect  of .natural organic material found i n  an ore. 

m n i c  Solvents 

For the first t e s t ,  feed solutions were prepared by 
adding c m o n  organic extraction solvents t o  an acid RIP t a i l -  
ings solution. 
and duplicate assays f o r  radium were performed. This solution 
was then s p l i t  in to  three parts. 
1 ml/liter of a mixture of 3.3% di-2-ethyD-exyl phosphoric acid, 
34% primary decyl alcohol, and 93-75 Amsco 125 kerosene; and t o  the 
second portion 1 &/liter of a mixture of 7% trilauryl-amine, 10% 
p r W y  decyl alconol and 83% Amsco 125 kerosene. 
was l e f t  untreated. 
i n  duplicate. 
w i t h  potassium permanganate and assayed in duplicate. 
the assay aliquots was first  lowered t o  1 w i t h  n i t r i c  acid and 
enough potassium permanganate was added t o  give a deep purple color. 
The sample then w a s  heated t o  60°C fo r  aboiJt one hour. Sodium 
oxalate was next added t o  destroy the p u p l e  color. The procedure 
was repeated i f  there was evidence that a l l  the organic had not 
been destroyed. 

The acid-RIP t a i l i z s  solution was f irst  f i l t e r ed  

To the first par t  was added 

The t h i r d  portion 
Each of these solutions was assayed f o r  radium 

The organic containing solutions were also treated 
The pH of 

After each of the three solutions had been neutralized t o  
pH 7.0 w i t h  calcium hydroxide, a portion of each was removed f o r  
radium assay, while the remainder mas placed i n  contact with bar i te  
for  one hour a t  a bar i te  concentration of one gram per l i t e r .  
bar i te  treated solutions were also assayed f o r  radium. 
of the tails were performed without permanganate because the i n i t i a l  
head assays indicated tha t  t h i s  treatment was not necessary. 
resul ts  of these t e s t s  are  presented i n  Table 21, 

The 
The assays 

The 
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Tab15 21 

m e  Effect of Organic Solvents on Radium Assz?r Results and 
Barite Performance 

$olut i on 

Head 
Head 

Tailings with Tailings t l i t h  Tailings wi th '  
No Ad d i t ive  =A Solution &nine Solutioq 

!aZ!L Wmlr.1 0-6 ~.DIII/L iIc/mlx10-6 ' d D d l  Pc/IIII.x~O-~ 

36,500 16.4 36,800 16.6 36,300 
35 ,a0 16.0 37,700 17.0 36,700 

Head ( m 0 4  Treatment ) - - 37,700 17.0 37,200 
Head ( KMnOq Treatment) - - 38,400 ' 17.3 37,300 
Neutralized Head 15 , 700 7.07 14,400 6.49 17,400 
Barite Contact 1,200 0.54 1,090 0.49 1,080 

The difference between the duplicate samples labelled 
!!Headf1 and "Head (XMnO4 Treatment)'! i s  vdtlhk.~ the counting er ror  
and the corresponding duplicates may be considered in agreement. 
Further, the agreement between !'Headt1 and "Head (KMnO4 Treatment)'! 
indicated tha t  the organic additives have no discernible effect  on 
radium analysis. Comparison of the !'Neutralized Head'! and '!Barite 
Contact'' entries showed tha t  the presence of the organic additives 
from certain solvent-extraction systems had no effect  on neutraliza- 
t ion or- on barite .treatment. 

Natural Ornanic Mysterial, 

The effect  of naturally occurrirg orgaLc material was 
evaluated by treating an ore known t o  be high in organic ma te r i a l .  
under typical mill digesting conditions and determining radium With 
and without the permanganate step f o r  organic decomposition. 

16.4 
16-5 
16.8 
16.8 
7.8 

0.49 

The solution used for  the t e s t  work was obtained by leach- 
ing a 2500 gram sample of Holljj Y ie ra l s  Corporation ore, which con- 
tains a large amount of soluble organic material. The ore was ground 
t o  -65 mesh and leached fo r  66 hours with a solution containing f i f t y  
grams of sodium carbonate per l i t e r  and twenty grams of sodium bicarbon- 
a t e  per l i ter .  
ture  of 80 - 85°C. 
leach liquor a t  a r a t e  of 15 m l / m i n ,  
and the f i l t r a t e  divided in to  two 1250 m l  portions. 

Leaching was carried out a t  50:; solids,  with a tempera- 
Air, used as an oxidant, was bubbled through the 

The leached pulp mas f i l t e r ed  
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. The first portion 17as +zeated v&+A patassium permanganate 

and sodium oxalate t o  destroy t h e  organic material. This treatment 
changed the original black color of the liquor t o  a clear,  s l i gh t ly  
yellow solution. Radium assays were made on both the permanganate-' 
treated and the untreated leach liquars. 
radium procedure and the double-carrier radium procedure were used on 
each sample. 
and untreated liquors. 

Both the carrier-free 

Thorium assays mere also perfomed on both the treated 

A 600-nil portion of each soiution was next treated w i t h  
bari te  f o r  one hour a t  a concentration of one gram per l i t e r .  
contact, the solutions were f i l t e red  and the f i l t r a t e s  assayed f o r  
radium. The resul ts  of these t e s t s  are presented i n  Table 22. 

After 

Table 22 

m e  Eff  ect of Natural Organic Material an Barite Treatment and As say 
Results 

. R a  
Leach Liquor. Assay 
Treatment Method 

Untreated Carrier free 
Untreated Double car r ie r  
KMnO4 treated Carrier f r ee  
KMO4 treated Double 6arr ier  
Untreated + Barite Carrier f r ee  
KMnO4 treated+Barite Carrier f r ee  

Ra 
dDm/ll 

12 3 goo 
12,609 
14,600 
14,400 

6,390 
4,690 

The radiun assays f o r  tke  YJr,t~ested~I (organic bearing) liquor 
(organic f ree)  leach appear -& be lower than f o r  the 1Khaz04 

liquors. It is.suspected that this indicates a real interference w i t h  
the radiun analysis. F'rom the data availa5le on thorium analysis it is 
not possible to draw a conclusion as t o  arq r e a l  intezZerence. 
treatment of leach liquor w i t h  potassium p"rmm.gana-le pr ior  t o  addition 
of bar i te  improved the reinoval of r3dium. 
material might have interfered with adsorptim of radium on barite.  

Pre- 

2 5 s  suggssts tha t  the organic 

As a resu l t  of this study, it i s  recommended that samples con- 
taining natural organic materials be treated n6th potassium permanganate 
and sodium oxalate pr ior  t o  radium assay. The reduced efficiency of the 
bar i te  i n  the presence of natural  organics indicates tha t  additional 
testing should be performed before a barite system i s  evaluated f o r  t a i l -  
ings containing natural organic material. 
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A radiation s'mvey of a niil had indicated that the 
resin columns i n  the adid leach - 2C3 - cc~lumns process used 
mere a source of appreciable beta m d  gama radiation. Samples 
were obtained of the anion excnarge resin from each of the four 
columns (A, B, C and D )  i n  of ie r  ';hat +de radioac3ive species 
contaminating the r e s h  could be idei+;",fied and a res in  decon- 
taminating procedure could be ilevelzped. 

A pulse height dis%ribution malysis  of the gamma radia- 
t ion from one of the samples was performed by the Brookhaven 
National Laboratory on a 100-channel s c h t i l l a t i o n  spectrometer. 
This analysis indicated the preserice of radium-226 and i ts  decay 
products with the resin. 

The nature of +he cm+,ani?ating species was further 
characterized by eluting 50 m l  por5ions of t h e  res in  samples with 
500 m l  of a 0.w sodium perchlarate szLu+,ion and analyzing the 
eluate f o r  uranium, th02im-3O, thoriu-234, radium-226, and 
polonium-210. The following results werz ob+,ained: 

S m l e  A Samlo B S m l e  C SamDleD 

41.2 39.7 36.6 42.0 

dpmm-230 per ml 929 1110 590 1230 

dpm Th-234 + Pa-234 per nl kk730 52300 32700 47900 

dpm Ra-226 per m l  llcl 135 117 168 

dpm Po-210 per ml 37.7 25.6 41.2 24.6 

Since these da$a h,di:E.t,e mbssantlally the same concen- 
trations of radioactive cantaminants i n  the eluate from each of the 
four samples, it appeared reasonable t o  conclude that  the nature of 
contamination was the same in  the res in  i n  a l l  columns. Resin from 
Column ItAtt vias analyzed but because of d i f f icu l t ies  encountered i n  
the analysis the fOllO17ing is a minimum assay: 
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Eluant 

Element 

Uranium 
Thorium 
Radium 

Concentration 

43.0 gm/l of resin 
8,070 dpdml of resin 

205,000 dpm/ml of resin 

Decontamination of the resin from Column ltAfl was studied. 
100-ml volumes of solutions of selected eluants were passed through 
1 0 4  columns of the resin at a flow rate of 1 ml/min. 
elution the column was washed with 50 ml of water. 
eluate and washings were analyzed for radium and thorium. 
eluants included lO$ sulfuric acid, 0.m HNO3 - 0.9 Ca(N03)~ 
solution, and 10% nitric acid, 

After the 

The 
The combined 

. 

Jiemoval of R adium and Thorium Contamination on Resin bs Elution 

Activity Removed by Elution 
(dRm/ml of Resin) 

10% Sulfuric Acid 124 

LO$ "03 54,100 
0.m HNO3 - 0.9M Ca(N03)2 2,220 

2,050 

2 , 210 
4,840 

5 Removal of 
Activity ( 4 )  

0.06 

1.U. 

25 

26. 

27 
60. 

The studies show that lO$ nitric acid was the most 
effective for decontaminating the resins. 
however, suggesting the possibility that frequent washing might 
be superior to attempting clean-aut dter prolonged operations. 

Elution was difficult 
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20/ 
GROWTH OF RADIOACTIVE DAUGHTE RS FROM RClDIUI4-226 (See Fig. 8) 

Time ,AlDha Activi . ty/Init ial  AlDh a Activityn 

0 

4 hrs. 

8 hrs, 

12 hrs. 

18 h r ~ .  

1 day 

2 days 

3 days 

4 days 

5 days 

6 days 

7 days 

8 days 

9 days 

10 days 

1.0000 

1 0798 

1 1668 

1.2511 

1 3729 

.1.4892 

1'. 9034 

2.2525 

2.5422 

2.7830 

2.9853 

3.1536 

3 5 2939 

3,4110 

3.5086 

Kirby, "Decay and Growth Tables' f o r  the Naturally 
Occurring Ra6ioactive Series", USAEC Repmt MIM-859. 

* Assuming 100% counting eff ic iency 
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In order to determine the rsdium-226 activity, a second 
alpha count must be made a t  a designated interval following the 
barium sulfate precipitation such that sufficient growth of the 
radium-226 daughters and simultaneous decay of radium-223 and its 
daughters w i l l  enable one t o  calculate the actual radiq-226 
activity. 
mined a t  3 hours and again one week after the barium sulfate precipita- 
tion and the radium426 calculated from the two counts as follows: 

For example, the activity of the sample may be deter- 

0.693 Q) 
TI. ) + 4 ~ ( e -  e- 0.697 t:, 

T (1) A2 = X + uC(1 - 

A1 and A;! are the to t a l  act ivi t ies  a t  times ti and t2, respectively; 
X is the radium-226 activity, Y i s  the radium-223 activity, T is the 
half-life of radon-222 controlling the r a t e  of growth of radium-226 
daughters, and is the haLf-life of the radium-223 controlling the 
decay of the radium-223 chain af ter  approximately the f i r s t  three 
hours. 
223 chain with a half-life of approximately 36 minutes, but since 
it is  the third daughter in the chain and the growth is  exponential, 
only a very minor error w i l l  be introduce6 if t h i s  gr~wth is  neglected 
in  determining the decay of the radium-223 chain. 
exponentials i n  equations (1) and (2) are evaluated for  counting 
times ti equal 3 hours and t 2  equal 1 week, and subtract equation 
(2) from equation (1) in  order to eliminate the Y term, it i s  found 
that 

During the three hours, polonium-211 builds up i n  the radium- 

Now i f  the 

- 0.66 A 1  (3) x = A2 
2.46 

Thus the radium-226 activity can be found from the two counts provided 
that radium-226, radium-223, and +heir daughters are the only alpha 
emitters present on the caunting plate. 

* Excerpted from reference 5 Internal Report, llDetermination of 
Radium 226 and Thorium 230 i n  M i l l  Effluents", E. R. Ebersole, 
A. Harbertson, J. K. Flugare, and C. W. S i l l ,  Health and Safety 
Division, U M C ,  Idaho Operations OTfice, Idaho Falls, Idaho, 
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RELATIQK SHIP OF PARTICLE SIZE TO RADIUM CONTENT IN URANIUM 
TAILJNrJs 

. .  
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It has been assumed that the radium found in natural. 
In uranium uranium i s  present i n  a very finely divided state. 

processing t h i s  assumption has importance because the uranium 
is  essentially all dissolved leaving the radium and other daughter 
products associated with fine par+dcles. This f ine size witn 
its correspondingly great surface area contributes t o  the rate  
a t  w h i c h  the radium in tailings is dissolved by rain or other 
water. In.addition, any fines that  escape a tailings pond are 
apt to  contain a greater amomt of radium per gram than the r e s t  
of the solid tailings. 

To determine the distribution of radium i n  various size 
frac.tians, a tailings sample consisting of 200 grams of an acid- 
leached uraTlium ore was wet screened on 200, 325 and 400 mesh 
screens. The four size fractions were assayed for  radium. The 
data presented i n  Table 23 indicate a heavy concentration of the 
radium in the fine sizes. The mims  400 mesh fraction, which 
constituted 33s of the weight, cmtained 78% of the radium and 
assayed over 7 times higher than the plus 200 mesh fraction. 

Table 23 

JtadZum Activity of V arious Size Fractions of 1.eached Or? 

$ of Total 
Mesh Size WeiEht. .q 5 of Tosal W t  l2EzadZ Radium 

+200 28.0 50.0 845 14.5 

-325/+4OO ' 0.824 1.5 1,610 0.8 
-400 18.5 33.1 6,150 78.2 

-200/+325 8.6 15.4 1,220 6.5 
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SECULAR EO. UILIBRIUM OF URANIUM, RADIQvl MD T-IQRIUM IN DQMESTIC 

IUM oms 

In  l i g h t  of the biological significance of certain radio- 
active species associated natLnally with uranium ores, it appeared 
desirable t o  develop fur ther  information 011 the concentrations of 
the radium and thorium members of the wa-zum sezies in ores and t o  - 
compare these concentrations w i t h  those t o  be expected i f  the ores 
were i n  secular equilibrium. 

Naturally occurring uraribjm ores contain uranium-238 and 
uranium-235 i n  a fixed rat io .  Each of these isotopes i s  the parent 
of a decay ser ies  as shorn i n  Figure 1. These decay patterns pre- 
va i l  in  a l l  ores and, i n  f ac t ,  the amount cf the various daughters 
may be calculated providing tha t  the ore has not been subject t o  any 
action that would different ia l ly  extract  any of the parents or  daughters. 
Also, since there i s  a def ini te  and fixed r a t i o  of uranium-238 to 
uranium-235 (99.2829 U-238 and 0.71155 U-235), the ra t ios  of the 
amounts of daughters i n  each ser ies  may be calculated, 

In  a uranium ore tha t  i s  f ree  of natural  thorium and is 
in secular equilibrium, the alpha-activity sepmated as thorium 
(Th-230 plus Th-227) must be equal t o  the alpha-activity separated 
as radium (Ra-226 plus Ra-223) and each in turn equal t o  the alpha- 
ac t iv i ty  due t o  the two uranium isotopes, '5-238 and U-235. 
alpha ac t iv i ty  may be calculated from the chemical analysis f o r  
uranium. Using the calculated ac t iv i t ies  it may be shown that f o r  
each I$ of $08 contained in  an ore the U-238 Will contribute 6180 
dpm per gram of ore sample and the U-235 w i l l  contribute 280 dpm 
per gram of ore sample, f o r  a t o t a l  of 6460 dpm per gram. 
t o t a l  radium and t o t a l  thorium alpha ac t iv i ty  will each be 6460 dpm 
per gram of ore, f o r  each 14 u308 content. The uranium contents of 
a number of ore samples were determined by chemical analysis and 
these analysis mere used t o  calcuiate the combined alpha ac t iv i ty  
f o r  U-238 and U-235. 
ing the radium and thorium ac t iv i t i e s  found. 
analyses are such tha t  they find t o t a l  radium alpha ac t iv i ty  
(Ra-226 plus Ra-223) and t o t a l  thorium alpha ac t iv i ty  (Th-230 plus 
Th-227). 
be compared with the t o t a l  uranium alpha ac t iv i ty  t o  indicate the i r  
re la t ion t o  the equilibrium value t o  be expected. These values are  
reported in Table 24. 
cant deviations from equilibrium. 
254% of the equilibrium value fo r  radium and 1975 of the equilibrium 

This 

The 

This was taken t o  be +he base point fo r  compar- 
The rsdium and thorium 

These observed values f o r  t o t a l  radium and thorium then may 

Three of the twelve ores tested showed signifi- 
The Arrowhead Ore sample showed 
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value for  thorium; Hidden Spkndor ore ran 364% f o r  radium and 
38246 f o r  thorium; and Northgatz #7 l ignite sbwed 68$ f o r  radium 
and 79$ for thorium. 

. .  

, , . ' .  

. .  

It i s  to .be recognized tha'; +Aese are only init ial  
scoping studies t o  develop 5echniquss. 
development is i n  order, particula-ly w i t h  regard t o  handling 
natural  thorium. 

Further technique 

It would appear from the information a t  hand tha t  the 
non-equilibrium f o r  Arrowhead and Hidden Splendor mes  could be 
explained by some selective removal of uranium, leaving a dis- 
proportionately high thorium and radium concentration. 
gate #7 ore i s  a l i gn i t e  material in  which the uranium appears -& 
be present as a n  adsorbed species suggesting the possibi l i ty  of 
a more recent origin not yet come to equilib-rim. 
i n  the Northgate l i gn i t e  ore could also be explained by d i f fe ren t ia l  
leaching of radium and tho r im from the ore o r  by preferred adsorp- 
t ion of uranium in i t i a l ly .  

The North- 

The non-equilibrium ' 

Analysis of information on secular equilibrium must 

Ideal systems, where ~ n l y  one mechanism i s  operative, 
consider, additionally, the possibi l i ty  of the presence of natural  
thorium. 
permit some relat ively simple inte-rpre+,ations and t h i s  pertains t o  
natural  thorium with i t s  r a t i o  of two thcrium alpha emitters t o  one 
radium alpha emitter. However, it i s  also recognized that  i n  all 
probability the actual c a u e s  of disequilibrium are a combination 
of several mechanisms tha t  may r?ot permit of simple anzlysis. 



Ambroe.ia ~ a k e  1 

Arrowhead 
Schwar tzwalder 
Ambrosia Lake 2 
Ambroeia Lake 3 
Lukaohukai Bland 
Hidden Splendor 
Lukachukai 
Northgate #'l 
Midnight 
~ a s  Hius #I 
Gae Hill8 #2 

l/ 
2/ 
3/ 

0 375' 
0.133 
1.2 
0.162 
0.208 
0 0 270 
0.306 
0,244 
0.18 
0.089 
0.257 
0.36 

106 

254 
94 
106 

91 
111 

364 
107 
68 
106 
201 
93 

2420 
717 
7750 
1050 
1340 
1740 
1980 
1580 
1160 

575 
1660 

2330 

2560 
1820U 

7290 
1110 
1220 

1940 

16% 
792 
607 
1680 

a70 

7210 

84 
197 
99 
104 
104 

130 
382 
99 
79 
126 
102 

90 
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